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R E S_ TT M E 
The t h e o r i t i c a l p a r t of the t h e s i s includor; a c r i t i c a l 
review of the chemis t ry of n a t u r a l product,3 wi th o p e c i i l 
r e f e r e n c e t o f l avano ids and b i f l a v a n o i J s and highl i^^hts the 
r e c e n t advances i n the a n a l y t i c a l t cchn iquos a p p l i e d t o t h e i r 
i s o l a t i o n and s t r u c t u r e e l u c i d a t i o n . 
The work d e s c r i b e d in the t h e s i s c o n s i s t s of tlic i s o -
l a t i o n and c h a r a c t e r i z a t i o n of the f l a v a n o i d s and h i f l a v a n o i d s 
from t h e l e aves of: 
1 , CUpresGUs austr<al is ucof. (Ouproocaccae) , 
2 , ( jephalotaxus g r i f f t b h i i HJ,<.(Oephalotaxaceae), 
3» Viburnum coriaceura Blurae ( G a p r i f o l i a c c a e ) 
4 , Tamarix d i o i c a Roxb, (Tamaricaceae) 
5» Ochna atropurpurca DC, (Ochnaceu-e) 
6» Ochna pumlla Ham, (Ochnaceae)» 
Biflavones from the leaves of gupressus australjs Desf, 
(Oupifessaceae); 
The crude biflavanoid mixture obtained by solvent 
fractionation and column chromatography of acetone extracts 
of the leaves, was found to contain the following biflavones: 
r. Amentoflavono 
IT, Cupressoflavone 
Iir* Robus b af1avono 
•^IV. Mono-0-methyl amentoflavone 
V; Einokif lavone 
vr* rsocryptomerin. 
I so l a t i on of a l l these components from •biflovanoid 
mixture was done by prepara t ive TIC and s t r u c t u r e eluc id-it ion 
by mass, ITMR s p e c t r a l s t u d i e s . The biflavone marked with 
as ter isk, v a^s only detected (TLG)» 
Robustaflavone in C. a u s t r a l i s ia the f i r s t example 
of i s o l a t i o n in t^cnus 'Oupressus*. 
Flavanoid cons t i tuen t s of the leaves of Cephalotaxus s r i f x i t h i i 
H3c. (gephalotaxaceae) 
The phenolic ex t rac t ives of the fresh leaves of 0» 
g r i f f i t h i i have been chemically examined. Flavones and b i f l a -
vones i s o l a t e d by chromatographic techniques and charactcrissed 
by mass, NMR etc are deta i led belov/. The component marked with 
a s t e r i s k i s only detected (TIG). 
*! • Amentof lavone 
i r» Sequo iaf lavo ne 
I i r . r~6-C-methyl sequo iaf lavone 
IT* ttlnkgetin 
T» Apigenin 
"71. Quercetin-3'-rhamjioside (Quercetr in) . 
I-6-C-methyl sequoiaflavone c o n s t i t u t e s the second 
repor t of i sol t i t ion and c h a r a c t e r i s a t i o n of na tu ra l ly occurr -
ing cr-methyl b i f lavone s . Moreover, the i s o l a t i o n of que rce t r in 
from the loaves of C, g r i f f i t h i i i s the f i r s t example of i t s 
occurrence in family Coph'.-.lotaxacoao. 
KLavanold cons t i t^ants or.-the leaves ^t Tiburnugi coriacp- \ i 
(gapr i fo l iaceae) 
Tha following two i lavones v/ers i so la t ed from phenolic 
extracti^'-es of the leax^es of IT, coriaceua. !I!heir s t ruc tu res 
V7ere es tabl i shed by UY, mass and mm spec t r a l s t u d i e s . 
r» Amentoflavone 
i r . Apigenin. 
Consti tuents ox the leaves of ^-ffl-rix _dio__j.ca^  Ro2cbj>_ 
(ganaricaceae) 
!2he cruie ai;:ture obtained by solvent f rac t iona t ion 
and coluiin chroa-to^r-.phy of acetone e;:-:r-Cuc:, yielded the 
follov/inL; tv;o coLipono-i~s, char-c cerise;", by U?,I?-, mass and 
ITL2. etc* 
! • 5rrans-2-ffy.irQ::y-4-ao~ho:cy cinnaaic acid 
I I . Is orhcme t in . 
COOH 
I so la t ion of tranG-2-Hydro:cy-4-nethoxy-ci2iiiaaic .:ci:l 
f roa 2. dioicj. ?.o:cb. i.s the f i r s i ; e;:..i.u;l3 of i t s i s o l a t i o n as 
a free aglycone frora a pl^^nt SOUI"(;G. 
Biflavones from the leaves of Qchaa atropurpurea Da, (Ochnaoeae 
The crude biflavanoid mixtxire obtained by the methods 
mentioned earlier, yielded only Ocbnaflavone (1) with a 
sufficiently large quantity (600 mg). 
Ochnaflavone thus isolated on diazomethylation, yielded 
its two partial methyl ethers, 1-4'-O-methyl Ochnaflavone (II) 
and 1-4*,I-7-Di-0-methyl Ochnaflavone (III), 
(I) 
(II) 
R^  = Rp ~ R^ ~ ^ 4 ~ ^ 5 " ^ 
R.A ~ Rp ~ R-z ~ R/ ^ H. 
R5 = CH3 
(III) R^ = R3 = R^ = H 
R^  = R5 = CH3 
Structures of all these biflavones were confirmed by 
mass and N M spectral studies. 
Blflavones from the 1K^.VCS of Qchriui piitnllfa. Ham. (Ochnaceae) 
The isolat ion. o.C some bif lavanoids such us mox-ollo-
f lavone , ivUiugetin and cah j.r.:.nr J.avoae from G-uttiforae p lan ts 
st imulated us to Ccirefully in.ve;jtigate Ochnaceae p lan ts £ov 
t h e i r bif lavanoid cons t i tuen t s as the family Ochnaceae i s 
known to be c lose ly r e l a t e d bo i:;ut'-. i/'ev-'^.e. The e a r l i e r 
work shows the i s o l a t i o n o.nd char-actoi ' iaation ox a new s e r i e s 
of C-0-0 l inked biflavoner;, tbe 'Ochnaflavone Se r i e s ' from 
Ochna squcirroaa Linn, by Rahman ot a l . The pr-esont v;orlc 
desci'lbes the i-ecults of our investii^;-.t i.ons on phenolic e;:trac-
t ivec of the leaves of Ochna numila. The crude bifl-ivonc mix-
ture obtained by usual meohods from acetone ex t r ac t s has been 
shown to contain two new bif lavunoids alon^^ with two known 
bif lavanoids l i s t e d below: 
I , Oohnaflavone 
II» II-7-O-methyl Oohnaflavone (New) 
III» Tetrtthydroamentofl;',Yone 
IV. II-7-O-aethyL tetrahydroamentoflavo.no (New). 
Latest techniques l i ke High Pressure Liquid Chroma-
tography (HPLG), UT, IR, mass and MIR e t c . were used Cor 
i s o l a t i o n and oJiarac l-erization of the bi f lavanoids monl;ionod 
above. 
(II) 




Isolation of Tebrahydroaracntoflavono and II-7-O-methyl 
tetrahydroamcntoflavone contititutes the first report of their 
occurrence as a new series of biflavanones. 
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THEORETIGAL 
rsolution and oxaniination of Natural Products have 
drawn, considcji'.'iblc atteuLioii o£ uliomiats from .very early 
days. Many valuable products v/eru' obtained from the natural 
v/ealth and uoed I'or innumcrab.Ie purpoueo in the past for 
human v;elfaro anO variouc othur activities, llonce, the 
development of chemical studico in the 18th and 19th cent\irie3 
v/as inevitably deeply asaociated with increasint;ly more 
sophisticated probing into the nat;ure of the traditional 
and the new sub^ 3tr.lnce3. The latter half of the 19th century 
saw the rapid evolution of organic structural theory closely 
tied to the structural challangec presented by these natural 
constituents, mostly from plant sources. Progress regarding 
the synthetic methods was also made gradually along with 
th.e studies of organic compounds. Although the natural products 
have been obtained mostly from plant sotirces, still only a 
meagre pcrcenta^ /G of Lhe plant world has been exploi'cd for 
its chemical constituonta, particularly in India v/here there 
is abundance of wide variety of ve^ i-ctation since this country 
possesses different Lypeo of climatic conditions and soil 
etc. 
The clasceu of or{;anic compounds generally associated 
with the term 'Natural Products* include mainly alkaloids, 
carbohydrates, fats, fatty acids, proteins, steroids, terpen-
oids, essential oils, carotGnoidc, vitamins, Glycosides, flavanoids 
and c ouifi'ar inc rj c; 1,<:, 
The i'l.'ivanoidc:'''^'^^'^'''"^* ( iio o£ the i;io.: i; nuncrour. and 
v/ide spread groupo of t h e nal;ur;'.l produc bs , a r e iriiiiortanb 
to man not; only b()c.iu;;u bhoy coib ' r ibubc t o planL coloiu: buL 
21) ?c 
alrjo bocauGe niany uKji.ibcri: a r e p h y s i o l o g i c a l l y a c t i v e * ' . 
They a r e u n i v e r c a l l y d i . o t r i bu t cd '.imong v a s c u l a r p l a n t s and 
found p r a c t i c a l l y in ;!,11 parks of p l a n t o . 
The terra »r iavanoid* covers a lai-go group n a t u r a l l y 
o c c u r r i n g coiiipound;; in which tv/o benzene 3:ings a rc lihlced 
by a propane bri'Lgo (Q<-~Q'-0~G~Qr) except i n i co f l avones in 
which the a r r a n g e men I; i s (G/--G-C-G). The r i a v a n o i d s inc lude 
K 
c h a l c o n e s , d i h y d r o c h a l c o n e s , a u r o n e s , r i a v a n o n e s , Xlavones , 
i s o f l a v o n e c , £ l ; jvonols , 2 , : j -d ihydrof l avono l s (Xlavanonols) , 
flavan-':J, 'l-~diolr; (ItnACo.-inLhocyanidins) , a n t h o c y a n i d i n s and 
c a t e c h i n s . 
S tud ios on pl.'.nt c o l o u r i n g m a t t e r s l ed t o the 
i s o l a t i o j i , s t r u c Cure de to rn i ina t ion and s y n t h e s i s of a l a r g e 
number of f lavanoi r l s* In t l iose coVipounds the o x i d a t i o n 
l e v e l of G-7 br i ' ige "-.rier. from t h e lov/ost in c a t e c h i n ( I ) 
to t h e l i ighcs t i n L'l^.vunul ( I I ) . 
OH 
[A IT 
The irnxjorL.aLce of the t'l>;v.inoidic compounds in the 
tannin^ of l e a t h e r , the furiuont Lion oi tea, the manufacture 
of cocoa and in thu flavour 4U..LiLi(j;3 of foodstuff i s well 
?a h 
e s t ab l i shed ' ' ' . Cer'Lam flavMuoids are among the c a r l i e o t 
knov/n na tu ra l (ly(j-;;Luff•.i'^' , Thoy ai;c widely uced ar> an t iox idan t s 
Sox f a t s and oils ' '" ' ' ' . The phyoiolocic^'^l a c t i v i t i e s of f l ava -
noids '•^  include vitamin P a c t i v i t y , d iu r e t i c ac t ion , t r e a t -
ment of a l l e r e y , p ro tec t ion ag;iinst X-rays and other r a d i a t i o n 
i n j u r i e s , cure of CrosL b i t e , a n t i b a c t e r i a l a c t i v i t y , p rophy -




ant icancer property . The study oC d i j t r i b u t i o n of f lavanoids 
in p lan t s i s of great cheiaot:.xououic value 
Recent addi t ion to t h i s c lass i s 'Bif lavanoids*. The 
h i f lavanoids arc derived ff'om two flavone or flavanone or 
flavanone-flavonc un i t s •-aid have been mostly i s o l a t e d from 
Gymnosperms. Among the .aigiospeL-iii.-;, some plants belonging to 
GUtt i fereae°*^, T':ui)horbiac;oae ^ » ' ' ^ Caprif o l iaccae ' ' ^ , Arche-
goniatae '^, Ochnaceao , Anacaj'diaceae "^ , Bursiraceae and 
some ferns belonging to Sclaginel laceao have been found to 
conta in biflavanoidso 
All biflav.'.noids hnowu to date may be c l a s s i f i e d in to 
two main groiips: 
! • G-G l inked BifL-'v.inoids and 
2o 0-0-0 liiikod Biflav^aiuids. 
G-0 linlced Bif lay. KJIIS 
Depending upon the nature of the cons t i tuen t monomeric 
units and of the position of linlcage we have different 
series. 
A. Amentoflavone Series 16-36 
Theae aru dex'ivod from two api{j;enin u n i t s wi th 
£ " l-^'i* ,ll-Qjlir^ai;io, The wliole s e r i e s i s r e p r e s e n t e d by-
f i f t e e n p a r t i a l mol;}iyl cLhcrt! with aiuentoXlavone ( i l l ) as 
p a r e n t oompound. 
OH 0 
[m] 
Sotetsuflavone was repoT-ted as the sole biflavone 
?6 
constituent of Gycao revoluta" , However, reinvestigation 
of this plant revealed that the reported sotetsuflavone 
is a iTiixturc, major pat-t of wh.it^li io ^uuentoflavone and minor 
components are methyl ethers of amentoflavone 37 
61 
B» i-6--0-methyl-I--7-0-mG bhyl amentof ] avone 
This i s derived from tv/o apigenin un i t s with 
[^ 1-3^ t l i s J linJca^^e having; 6-G~methyl group. 
^ \ 0 H 
OH 0 
C• Cupressuflavone Series'^ ' 
These are ricrived Trom. two api; min^uni t s with 
^ r - 8 , I I - 8 ^ lirLkace and ruprescnLed b:, seven members•• 
7 0 
Cupressuflavone (V)"^  i s the parent conpoimd while the 
o the r s ix are i t s p a r t i a l methyl cLher.• 
OH 0 
[^ ] 
Very r ecen t ly one more monomethyl e ther of cupressu-
flavone (r-4*-0-methyl cupressuflavone) has heen i so l a t ed 
A O 
from leaf ex t rac to of Cupressua l u s l t a n l c a Yar, henthami . 
D. Agathlsflavone ncrles^^^"^*^^'^^'^^""^'^ 
These are derived from two apigenin un i t s with ^ 1 - 6 , 
I I -8J7 llfika^e and are repreLietit;ed by f ive members with 
Ujiuthiuf luvonc ( VT) a.-i tlic parcml; ooinpouiul. The remaining 
four are i t s p a r t i a l methyl e t h e r s . 
OH 0 
M • 
K. Robustaflavoiie Series 45 
This c l a s s i s represented by robustaflavone (VII) as 
the parent compound along with i t s mono and di-methyl e thers . 
These £tre a lso derived from two apigenin un i t s with ^ 1 - 3 * , 
11-6J l inkage . 
[v„] 
p . 1-4 M I - 4 M-i5 , I I -5 ,1-7,11-7-Hexahydroxy i 1-3,11-3_7 
biflavone (VIII)^'^ 
This clasij i s represented by only one member (VIII), 
synthesized by oxidat ive coupling of ap igenin . 
E""l 
(J. 1-4 M1-4», 1-5,11-5,1-7,11-7-Hexahydroxy £"1-3,11-3 'J 
blflavone (IX)^ '^  
The sole member of the class has also been obtained 





58 H» ralwaniaflavone Scries 
The s e r i e s cons i s t s of Taivvaniaflavone (X) as the parent 
compound together with the mono and di-methyl e t h e r s • These 
are derived from two apigenin un i t s with / " l - 3 ' , II-3_7 l i n a g e . 
w 
9 
4.6 !"• I - -2 ,3-Pl l iydroamentof lavone_Ser ie3 
These a re de r ived from, a n a r i n g e n i n and an a p i g e n i n 
u n i t wi th f lavonone / f I " - 3 ' , II-Sjf ' f l avone l i nkage and a re 
r e p r e s e n t e d by t h r e e members wi th 2,3--dihydroamentoflavone 
(XI)- as t h e p a r e n t compound. The remain ing tv^o a re t h e p a r t i a l 
methyl e t h e r s of X.I, 
OH 0 
[x.] 
J, Tetrahydroamentoflavone Series * 
Three new closely related biflavanones A,B and C were 
15a isolated from defatted nuts of Semicarpus anacardium * 
The first of these has been characterized as its partial 
methyl ethers A. and Ap. 
OCH. 
1" 
U-i ) = I~7,1-4 MI-4'-Tri-0-raethyl-1-5,11-5,11-3'-trihydroxy 
/ ~ 1-5 *, 11-8_7 IJ iX' 1-'^  v; I no no 
R = H 
( A^) = 1-7, T-4 S I I - 4 • , I I -3 ' -Te tvo.-0-mo t h y l - I - 5 , I I - 5 - d i h y d r o x y 
/^ 1-3 », 11-8_7 b i r l a v a no no 
R ^ GH.. 3 
Tiie bifIcivanoiieG B and G vvero c h a r a c t u r i z e d as t h e i r 
^ methyl ethevs/corvo'.iiioiidini'; chaloone nw Lhyl e t h e r s * 
Very r e o e u l l y To Irahydro-aucntor iavone has a l s o been 
1 5b i s o l a t e d from t h e mxl'j. o£ seniiQurpus p r a j n i i Kixig • The 
13 





This i s de r ived from two n a r l n g e n i n u n i t s wi th [^l-B, 
II-QJ l i n k a g e , 
OH 0 
! • Mesuaferrone-B 
a?his i s de r ived from a n a r i n g e n i n and an a p i g e n i n 






This i s derived from naringenin and apigenin un i t s 
l inked through / f I-6,TI-8_7 . 
OH 0 
N, Rhusflavanone 60"b 
Rhusflavanone (Tetrahydroagathisflavone) is derived 




0. Succedaneaflavanone 60 c 
This i s d e r i v e d from two n a r i n g e n i n u n i t s wi th / ' l - 6 , 
I I - 6 J 7 lira<:age. 
P . 158 Te t r ahyd ro robus t a f l avone 
This has been i s o l a t e d r e c e n t l y from Semecarpus 
anacardiiim L. a.-!'! c h a r a c t e r i z e d i n d i r e c t l y by dehydrogena t ion 
and methy la t ion^^S ^f ^ b i f l a v a n o i d mixtiire and f r a c t i o n a l 
c r y s t a l l i z a t i o n of a b i s - n a r i n g e n i n - d i m e t h y l e t h e r , 
Q. BGH Ser les^ ' "^^"^^ 
These a re d e r i v e d from a na r inge i i i n and an a p i g e n i n 
or l u t e o l i n u n i t wi th £'l'-'3fII~Qj l i n k a g e and a r e r e p r e s e n t e d 




(a) R = OH 
(t)) R = H 
WGH series® 
This series comprises two biflavones, wGE-II and 
WGH-ril^ which, have been synthesized by dehydrogenation of 
BGff-II and BGH-III respectively. 
( a ) 
( t ) 
I I - 3 M - 4 ' , I I -4 • , 1-5 , I I -5 ,1~7, II-7-Heptahydroxy £" 1-3,. 
II-8_7 biflavone (?/aH-II or S aharanf lavone) , 
R = OH 
1-4' , 11-4' , 1-5 , IT-5,1-7 , II-7-Hexahydroxy /7 1-3, I I - S j ' 
biflavone (WGH-III) 
R = II 
15 
This s e r i e s comprises reduced he te rocyc l ic systems. 
Five members are reported to occur in na tu re . They are derived 
from naringenin linlced vi/lth a naringenin or aromadendrin or 
































!• 1-4' , 1-5 , II-5 ,1-7, Il-T-Pentahydroxyf lavanone /'l-?, H-QJ 
* • _ ' > , 59 
chromone 
The compound has been i so l a t ed from the leaves of 
Garoinia dulc is Kurii« I t i s a diraer of naringenin and 5»7-
dihydroxy chroaione linJced through £'l-'5,ll-&J • I t s i s o l a t i o n 
has introduced a new se r i e s comprising flavanone-chromone 
s t r u c t u r e * 
OH 0 
[xxij 
(2) G-0~G l inked Biflavanoids 
•^ » Hinokiflavone aeries^"^*^^"^^ 
These are derived from two apigenln un i t s with 2^1-4 ' -0 
- I I - 6 J 7 l inkage. Hinokiflavone (XXIII) i s the parent compotind 
with s ix other as i t s p a r t i a l methyl e t h e r s . E a r l i e r hinoki 
flavone and i t s de r iva t ives were assigned ^ I - 4 ' - 0 - I I - 8 _ 7 
l inkage (XXIV)^^ which has l a t e r been rev ised to / ' l - 4 ' - 0 
63-66 
- I I -6_7 (XXIII). 
1 7 









B• 1-2,3-Dlhydrohinolcil'lavone Series * 
The oolc inonbcr (XXV) of the s e r i e s hag been i so l a t ed 
from LTetar;cqu.Loi:i (^lyptoatroboidies and Oycas specie! ,57,46b 
OchnaflavoDG Serie 
Ochnafluvono (XXVI) hi the parent coinx)ound with three 
others as itr; p-'irtial meth^ '-l others » They are der-ived from 




M, Konoohiina et al^ *^ ''*^ ^ have isolated Tukuglside (XXTIIa) 
and spicataside (ji.XVIIb) from G-arcinia spicata and Xanthochy-









- ^ A O H 











= ^ K-D-gluc • 
2^ 
£~I""5,II-Bj/~ Binar ingenin-I I - l -O-p-gl tLooside 
k new biflavanone glycoside (XXDC) has r e c e n t l y been 
69 
i s o l a t e d from Garolnia mul t l f lo ra 
OH 0 
[xxix] 
R = Glucosy l 
R»= H 
2i 
O p t i c a l Activi t .y in. B5-l'lavaiio.i.J.ci 
The o p t i c a l a c t i v i t y i n bipheriylB i s due t o t h e 
r e c t r i c t c d r o t c . t i o u of the b i p h c n y l systcci with s u f f l c i o n t l y 
l a r g e o r tho suo . - t i t ucnbo . Thiy phenomenon ic known as 
70 71 
"a t ropioomer ioni" , Turner and Le-Pevre , B e l l and Kenyon 
i n t h e i r a l u d i c j of o p t i c a l a c t i v i t y i n b i p h e n y l sugges t ed 
t h a t the o f f o c t i v o uize of o r t h o s u b s t i t u e n t s may be one of 
t h e condi t ionr j fo r the occur rence of o p t i c a l a c t i v i t y . I f 
t h e o r tho s u b o t i t u c u t u a re s u f f i c i e n t l y l a r g e , t hey i n t e r f e r e 
v;ith one ano the r i n cop lane r p o s i t i o n , e i t h e r by mechanica l 
or r e p u l s i v e a c t i o n of t h e i r f i e l d s of f o r c e s . Only i n the 
no'ncoplaner p o s i t i o n s i s t h e r e room enough for a l l of them. 
Since the two benaenc r i n g s a r e t hus i n c o a x i a l non -cop lane r 
Gonf ig iu 'a t ion , complete r o t a t i o n i s p r e v e n t e d and o p t i c a l 
r e s o l u t i o n becomes p o s s i b l e . 
The bifIcLvanoids a l so ' incorpoi-a te a b i p h e n y l cystera 
i n which a t leaf . t t h r e e out of four o r t h o p o s i t i o n s a r e 
s u b s t i t u b e d . The opLica l a c t i v i t y i n b i p h e n y l type b i f l a v a n o i d o 
i s , t h e r e f o r e , a k l r i b u t e d t o t h e phenomenon of a t r o p i s o m e r i s m . 
Hov/evcr, i n fulcu^;elin and the members be long ing t o GB s e r i e s 
t h e o p t i c a l a c t i v i t y may e i t h e r be due to the asymmetric 
c e n t r e (G-^) a lone or to. bo th t h e asymmetric c e n t r e and r e s t r i c t -
ed ro tii Lion. •>• ' 
A lar(^c numiicr of n a t u r a l l y o c c u r r i n g o p t i c a l l y a c t i v e 
b i f l a v a n o i d s h.'ivo been r e p o r b o d . The d e t a i l s a r e g iven in 
T a b l e - I . 
zz 
TABLE - 1 
OPTICALLY AGTIYE BIFLAVANOIDS 
B i f l a v a n o i d s 
1 • Amentoflavone 
2« Amentoflavone 
5« Gupressuf lavone 
4 . I - 7 , I I ~ 7 - D l - 0 - r a e t h y l 
cup res su f l avone 
5 . " " 
6 . I - - 4 * , I I - 4 M - 7 , I I - 7 -
a , t ) , c , d , e 





+ 37 .5 
T e t r a - + 3 0 ° 
72 Podocarpus g r a c i l l i o r ' 
1 Q Thuja o r i e n t a l i s ^ 
Oupressus senrpervirens 
•5/ 
A r a u c a r i a c o o k i t ^ 
2Sa 
Ao cunninghamii ^ 
A, Gookl i^^^ 
O-methyl cupre3suf lavone 





11 . II-4',I-7-Di-0-methyl 
agathisflavone 




1 5• I I - 7 -0~me thy l amentoflavone 







- 5 0 ' 
Garo in i a s p i c a t a ' 49 
a J 2 Podocarpus g r a c i l i o r 





A r a u c a r i a "b idwi l l i 39 
68 Garc inia xanthochymus 
25a Araucaria ounninghamii -^  
30 
" " cunninghamli-^ 
a = 40°, b = 34°, c = 29°, d = 25 and e ~ 20' 
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Struotiire determination of Biflavanoids 
The problem of structure xle termination of bif lavanoids 
is a complex one because of (a) occurrenoe of more than one 
biflavanoid in chromatographically homogeneous fractions with 
the consequent difficulty in their isolation in pure form, 
.(h) insolubility in the usual organic solvents, (c) the diffi-
culty in exact location of 0-methyl in partially methylated 
derivatives of biflavones and (d) the intricate problem of 
establishing the inter flavanoid linkage. 
There arc various methods generally used for structure 
7 '5 28 18 32 
determination such as coloiir reaction' , degradation * * t 
physical methods and synthesis. The physical methods and 
synthesis are of key importance for complete structiire 
elucidation of biflavanoids, 
physical methods 
The physical methods generally employed in the iden-
tification and structural analysis of plant pigments are 
chromatography'^ '^ "'^ '^ *'^ *^'^ ,^ irv^°, IR®^ ""®''", NMR and mass 
spectrometry ana IIPLG''^'^^*^*^ , Among the physical methods 
the nuclear magnetic resonance spectroscopy and mass spectro-
metry are most sophisticated dependable tools for the 
structure dotcrminatian of flavanoids. 
24 
TTuclear Magnetic Refcionance (miR) spectroscopy 
The application of N M spectroscopy has proved to he 
the most powerful tool in the structure determination of fla-
vanoids. By the use of Ntnt'" studies of silyl derivatives , 
•-55 a 
double irradiation Lcchnique-^ -^  solvent induced shift 
studies^^^'^*^*^^, lajithanide induced shift studies (IIS)®'^ , 
88 1 ^  8Q 
nuclear overhausor effect (n»o,e) and G-MIR spectroscopy , 
it has become poojible to elucidate fully the structure of 
flavanoids occurring even in minor quantities without resort 
to, tedious and time consuming chemical degradation and synthesis 
The valuable contributions in this field have been made 
90 80 91 92 
"by Batterham and Highet , Mahry ' , Massicot , Clark-
Lewis^'^, Kawano^ '^ ^^ '^ and Pelter and Rahman^ '^^ '-^ '^ '•^ .^ 
The chciiiic:iJ shifts of protons of ring A and B prove 
to be independoil; of e.ich other, but are affected by the nature 
of ring G (XXX)"" . The peaks arising from ring A in most 
flavanoids ocuur ux^ field from the other peaks and are readily 
recognised. Thus examination of an unfamiliar spectrum will 
commonly start by the recognition of these peaks which will 
often allow the nature of ring A and C, and the class of 
compound in hand Uo be inferred. The remaining peaks in the 
aromatic region will reveal the pattern of oxygen substitution 
of ring B and confirm the nature of the ring 0. 
XXX 
2i> 
The observatioa and interpretation of spin~spin 
splitting are the means by which the sequence of groups in the 
molecule is established by FMR. However, the process of esta-
blishing sequence of groups in molecules even on high resolu-
tion NMR frequently fails, because while it may be possible 
to observe a discrete multiplet from one group of protons, it 
may not be to recognise the absorptions of protons in which 
this group is coupled, since they may be obscured by absorption 
of other protonu in the molecule. An ancillary technique known 
as spin decoupling, double resonance often helps to overcome 
35a, this difficulty. By the help of double irradiation technique , 
now it is possible to assign each and every proton in biflavan^a, 
The technique of preparing silyl derivatives for NMR studies 
has not only overcome solubility problem but also has contri-
buted towards the simplification of spectra. 
m the structure elucidation of biflavanolds certain 
useful information can be obtained by comparison of their NMR 
Spectra v/ith those of their corresponding monomers. Such a 
choice, however, is compelling but by no means infallible. 
Comparison of the N M spectra of methyl and acetyl derivatives 
of a biflavanoid with those of biflavanoids of the same series 
as well as with those of biflavanoids of other series in which 
at least one monoflavanoid unit is similarly constituted, is 
very helpful in assigning each and individual proton and the 
26 
pos i t i on of the metho^y groups. The problem of in te r f lavanoid 
l inkage has Guccessfully been solved by solvent induced s h i f t 
s t ud i e s of rnethoxy reGoncince and lanthanide induced s h i f t 
s t u d i e s . 
In biphenyl t;/pG biflavones such as ainentoflavone, 
cupressiiflavonc, a^athisflavone e t c . , the peak of the r ing 
protons involved in in tur f lavanoid l inkage appears at somewhat 
lower f i e l d (''---'0.5 ppni) as compared with the peaks of the same 
protons in monomer due to extended conjugat ion. 
I t has been observed'^,;' both in biphenyl as well as in 
biphenyl e ther type b i f lavanoids t ha t the 5-OMe group of an 
8- l inked monoflavanoid un i t in a b i f lavanoid shov/s up below 
" p 6 , 0 0 in deuterochloroform in a l l the cases examined so 
far (Table - I I ) . Thin observat ion may be explained on the b a s i s 
of extended conjugation. 5-Methoxyl gi*oup of an 8-l inked mono-
f lavanoid uni t in bi f lavanoids of BGH-oeries, WG-H-series and 
GB-series does not show up below ^"^ ,00 as the l inkage i s through 
he te rocyc l i c r i n g , 
TABLE ~ I I 
Methoxy proton shifLs ( T" values) of f u l l y methylated 
b i f lavanoids 
Biflavanoid I-5-OMe II-5-OMe 
GUpressuflavone / "1 -8 , I I -8_7 
Amentof lavone j ^ T-t) • , II-8__7 
Agathisf lavone /f T-6, II-8_7 
*Hinokif lavone /f 1-4 '-0-II-8_7 











By c;:ariUiiiiii:'j; Uio rae Liioxy and acetoxy s h i f t s c e r t a i n 
usefu l corrclatiojir, ci.^ jj.'fjc but they should be used only ac 
the supporting evi'icncc., r t i s only by looking at the f u l l 
s e r i e s (parent , fu l ly raobhylated 'i-nd •icetylatGcl de r iva t ives ) 
and comparing m u l t i p l i c i t i e s and chemical s h i f t s of the 
aromatic pro'tons tha t the safe assignments can be made. 
Aromatic i.)rotons are completely s e l f - c o n s i s t e n t in 
cupressuf lavone , ^uaojitof lavone, agathisf lavone (assumed values 
of r i n g II-B proton;j) and hinolc if lavone s e r i e s . The protons 
of I-B. appear consis ter j t ly lower than those of r i ng II~B •^^' »-^ ^^ 
The protons at 11-8 ih hinokif lavone /7l~'^'"*0~H~^_7 
methyl ether and at I~8 in aga th i s f lavone [^I-'6,ll-8j methyl 
e ther appear at except ional ly lov;field, ~T^,95 andT"5»09 r e s p e c t -
ivelyo This may he diagnost ic of 11-8 of a 6 - subs t i t u t ed r ing 
in bif lavonoids methyl other both of biphenyl and biphenyl 
e the r types* 
The metho;:yl ••.t 0-5 ( r ing I-A) of agath is f lavone 
methyl ether (T"6.41) and one methoxyl in chalconeflavone 
corresponding to BGH-III methyl ether ( T 6 . 8 0 ) and WGH-II 
methyl ether ( T 6 , 5 6 ) show up at except iona l ly h i g h e r f i e l d 
than the other moLlioxy groups<> This i n t e r n a l sh ie ld ing effect 
i s a l so evident in bhe car-,e of chalcones BGH-III hep tace ta te 
and BGH-II octaacu L.^ .te in v/hich the protons of one acetoxy 
group appear a tTS.Oy v/hcreas those of o thers a tT"7.26-7 .80 , 
, . • ' ^ 
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The dependence oT H-6 of II-A upon its mode of bonding 
with the other half of the biflavanoid has been observed in 
Table - III. 
TATTLE - ril 
Biflavanoid 
methyl ether 











T 3.49, * 
T 3.41,5.42 
T 3.38 
OQ (Ring II-A) 
bonded to 
reduced he te rocyc l i c r i ng 
ti ti 
he te rocyc l ic r i n g 
If t» 
aromatic r ing 1-A 
aromatic r ing .'I-B 
aromatic r ing I-A 
Solvent Induced bhifL l a NMR Spectroscopy 
The solvent dependence of methoxy resonances induced by 
benzene ( r e l a t i v e Lo comparatively i n e r t so lvent , such a s , 
GGl. or CDCl^) upon e l e c t r o n i c , s t e r i c and conformational 
f ac to r s has been noted. The pos i t ion and r e l a t i v e o r i e n t a t i o n 
of methoxy groups in mothoxy flavone can be infer red from 
97 
benzene induced solvent shifts of methoxy resonances . 
D.H. Williams and co-workers have observed that the methoxy 
groups at 0-5, G-7, G-2' and G-4* exhibit large positive 
(upfield) Avalucs. (A^Tc^D^- TCDGl-^:^ 0.5 to 0.9 ppm) in the 
absence of hydroxyl or methoxyl substituenbs ortho to these 




This shows c l e a r l y t ha t a foresa id methoxy s igna ls move 
upf ie ld in benzene r e l a t i v e to deuterochloroform. 
TABLE - IV 
A values (Y.OgHg-YGIXJl^) for 0 - 3 , 0 - 5 , 0 - 7 , 0 - 2 ' and 0-4 ' 
methoxy resonances in the ahse'nce of Or tho-subs t i tuen t s 






- 0.07 to +0.34 
+ 0.43 to + 0.58 
+ 0.53 t o +0 .76 
+ 0.46 to +0.51 
+ 0.54 to +0.71 
The obaervation i s cons is ten t with the formal a b i l i t y 
3^ 
of all these methoxy groups to conjugate with the electron 
withdrawing, carbonyl group. This conjugation can lead to a 
decrease in7T-electron density at oxygen atoms of OMe groups 
in question, and so ohhance an association with benzene at 
thesG electron del'iclent sites with a resultant increased 
shielding effect * . The G-3 methoxy resonances are in 
contrast deshielded or only slightly shielded in benzene 
(Table - IT). Thiu observation strongly suggests that the G-3 
methoxy group in general prefers conformation indicated 
in (XXXII). 
[xxxii] 
in this conformation, phase independent association of benzene 
with the carbonyl group will have deshielding influence on 
QR—100 
the G-3 methoxy groups . Since the values of the G-5 
methoxy group are only slightly smaller in magnitude than those 
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for the C~7, G-2 and G-4* methoxy groups, it is concluded 
that in the absence of 0~6 substituent, the preferred con-
formation for the C-5 methoxy group is as shown in (XXXIII) 
(i^e,, as distant as possible from the negative end of the 
carbonyl dipolc). 
H,C ^ 0 0 
[xxxiii] 
In contract, the methoxy groups lacking one ortho 
hydrogen (i.c, flanked by two ortho methoxy groups or one 
ortho hydroxy and one ortho methoxy function) show small 
positive or negative A vo.lues ( A = -fO,13 to -0.12 ppm), 
The reason for the small positive or negative shift 
is probably duo to some combination of (i) steric inhibition 
of benzene solvu.Lion of the central methoxy group , 
(ii) reduction in solvation of central methoxy group (relative 
to anisole) due to the presence of two ortho electron donat-ing 
32 
94.-96 
subotituento and (ill) solvation of the outer methoxy 
groups, the stereochemistry of benzene association being 
such as to place the central methoxy group in a region of 
deshielding. Thus the solvent shift of a methoxy group at 
C-5 suffers a drantic change in magnitude from a relatively 
large positive valtie to a small or negative value in the 
presence of a methoxy group at G-6, The C-6 substituent 
should, therefore, lead to a higher:, population of the con-
former (XXXIV) in which the methyl of the C-5 functionality 
lies in close proxmity to the ne(!,ative end of the carbonyl 
dipole (which is a region of strong deshielding due to benzene 
association at the carbonyl group) 98-100 
[xxxiv] 
In amentof lavone"''^ , cupressuflavone •^''^  and hinokifla-
vone l^l-A-^-O-U-Qj methyl ethers, all the methoxy groups 
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move upfield (-'•^^50-60 ci)3) on chunce of solvent from deu-
terochloro.foriJi to dcuoerobenzone sliovving tha t every methoxy 
group has a t le-.;;t one or Lho proton, the re fore , a G~8 ra the r 
than 0-6 linlc;i{'0 i;; inilic;i.ted. In ai^uthisflavone hexamethyl 
e t h e r , only f ive of Uie cix methoxy groupG showed large upf ie ld 
sh i f tG. One rnuthoxy ^roup was unique in ac much as upto 50?$ 
d i l u t i o n wibh bijivAcnc no ahi.[^b waa aeen and then a s t rong 
davvnfield sh i f t XK'-S Gcen, I t was I'easonable to asiDume tha t 
the methoxy group in quest ion v/as the one a t G-5 flanlced "by 
r i n g II-A on one side and carbonyl group on the othero 
S imi la r ly in the caco of hinolciflavone /^ 1-4-*-0-11-6J only 
fotir methoxy. groups moved upf ie ld 
Benzene ijiduced s h i f t s tudies were a lso found useful 
in the case of BGH and GB s e r i e s . All methoxy s igna l s ( T 6 . 0 8 - T 
6,36) in BGH-II and Bail-III methyl e thers moved u p f i e l d . Simi-
l a r l y a l l methoxy s igna ls in G-B-I heptamethyl e ther showed 
p o s i t i v e sh i f t s ind ica t ing with the exception of the G-3 methoxy 
group in r ing I I -G, tha t each has at l e a s t one free ortho 
p o s i t i o n , This evidence supported the 0-3/C-8 l inkage for the 
two s e r i e s . 
The bem:onc induced solvent s h i f t s Z\( <-> CBCl^/Cgffg) are 
appreciably enhaiioud by the addi t ion of small quan t i ty (3fa Y/V) 
of t r i f l u o r o a e e t i c ncid (TPA) to the so lu t ion of the compound 
in benaene. ApparcjiLily x^rotonation of c e r t a i n groups enhance 
benzene assoc i i I ioa .il; tlieso s i t e s . This technique helps to 
34 
distinguisli between methoxy groups which can conjugate with 
tlie carbonyl group (XXX7) and those which cannot conjugate 
(XXXYI) in the ground state. 
© © 
-» M e - 0 « C ~ C = G - 0 
I i I 
Me—- 0 - 0 = 0 - 0 = 0 <— 
Cxxx?) 
1 i 
Me - 0 - „G'^  ~ 0 = 0 
I I 
(XXXTI) 
Thus the b a s i c i t y of tho methoxy groups not conjugated 
(XXXVI) with carbonyl group i s g rea te r than those which are 
conjugated (XXXV) and so the former w i l l be expected to give 
more pos i t ive values of the TTTA add i t ion s h i f t s , ^ ^ ( OgHg/OgHg 
+ TPA )_7» The TPA induced solvent sh i f t (CDCI^ /TPA) of a 
5-methoxy group has a r e l a t i v e l y large negative value ( -0 ,36 t^j 
-0 .44 ppm)^ which d i s t ingu i shes i t from other methoxy groups. 
A pass ib le explanat ion i s the formation of hydrogen bond 
between the protonated carbonyl group and the oxygen atom of 
5-methoxy group (XXXVIl), The carbonyl group w i l l be protonated 
t o a much l a rge r extent in TFA r e l a t i v e to a so lu t ion in 





Limitations of the solvent induced shift studies 
!Phe method of raethoxy proton shifts, although very 
useful in structure determination, may lead to erroneous 
assignments if not u.sed vvibh caution "^ . The following criteria 
have been laid down for an appropriate use of the method. 
1 . The method should not he used directly for compounds 
containing phenolic groups. 
2* Kven. acetylation of the. phenolic function does not 
completely overcome the difficulty. 
5. Only the fully methylated compounds are safest to use 
but even then the results may be misleading if, 
solvation of a separate site close to the methoxy 
groups, being examined, occurs » 
4. In V/GH series, II-3* methoxy group of WGH-II methyl 
ether appears at an exceptionally high position ( y^6,56) 
in 0D01-, , This is ouggestive of its being entirely 
internally solvatodl A model of this biflavone shows 
that there are in fact certain positions in which that 
particular methoxy group can be solvated by benzene ring 
of the other flavanoid unit, thus rendering it imique 
in being resistant to external solvation. On change 
of solvent from GIXJl, to OgHg all the methoxy groups 
are expected to move upfield by more than 30 cps as 
each methoxy group has an ortho proton. The methoxy 
group in question (at T6.56), however, moves very 
little. 
3J 
Lanthanide Induced sh i f t s tud ies 
during the l a s t few years lanthanide s h i f t reagents 
(IiSR) have been extens ively used for the s t ruc t i r ra l and conformar-
t i o n a l s tud ies of organic na tu ra l products . The i n t r o -
duction of these reagents has g rea t ly enhanced the power and 
v e r s a t i l i t y of OT/IR spectroscopy. The addi t ion of c e r t a i n 
lanthanide complexes s h i f t reagents to an NIVR so lu t ion of a 
10 7 
compound which possesses an appropriate lone pair of electron 
causes the proton resonances to become "spread out", often 
into a first order pattern, making possible safe assignment 
af formally nonequivalent, but usually coincident resonances 
and enabling decoupling experiments to be carried out. Several 
^^ undred papers have appeared describing the use of these 
,108 reagen t s since the f i r s t r epor t by Hinckley 
iS^c The lanthanide induced s h i f t s , (LIS ox jLyyc ) are due 
1 Oft 
primarily to pseudocontact interaction , resulting from the 
association of lanthanide complex and lone pair functionality 
of the substrate, and for any particular molecule at a given 
temperature are inversely proportional to the cube of the 
internuclear distance ( ./Z ^  ) between the lanthanide metal 
107 109 io-n and the proton under consideration (eqn,-1) '' ^, 
A>^i =K//>4 (1) 
Equation (1) shows that the principal factor influencing 
3? 
the Gliirt of a p a r t i c u l a r resonance in NM spectrum, i s the 
d i s t ance , e i t h e r bondv/iije or spatially/ separa t ing the metal 
ion from the proton which i s respons ib le for t ha t peak. Thus 
the c loser the proton to the metal ion in the sh i f t reagent 
subs t r a t e complex, tlie {greater the sh i f t obuervcd. 
A more complete form of the equation (1) i s eqn, (2) 
where Qis the an^le descr ib ing the pos i t i on of the proton ' i ' 
r e l a t i v e to the p r inc ipa l magnetic axis of the lanthanide 
subs t r a t e complaz r . Irj the Eu-intornuclGar d i s t ance , A 9 , is 
the pseudocontact sh i f t for the i t h proton and K i s a c o n s t a n t . 
The angle term (3 OOS © -1) i s pos i t i ve for values from 
0-54° and from 126-130*^ and pos i t i ve ( sh i f t to lower-
f i e l d ) i s observed; hovvover, when has a value from 55° to 
125°, the angle term and . become negative ( i . e . s h i f t s to 
110 h i g h e r f i e l d are observed • 
A ^ - g(3 GOS^Q-1) (2) 
The most commonly used complexes are t r i s ( d i p i v a l o -
111 
methanato) europium ( I I I ) , Eu (DPM), and t r i s (dipivalame-
112 thanato) praseodymium ( I I I ) , Pr (DPM)^ where HDPM represen t s 
dipivalomethane which i s 2 ,2 , ,^ ,6- te t ramethyl heptanG-3,5-dione. 
The two are coraplemontary in that Eu('DPM)., s h i f t s proton 
resonances to lowerfiuld while Pr(DPM)-, s h i f t s resonances to 
h igher f i e l d . Eu(DPM),, however, i s genera l ly most useful 
38 
•becauae the t-l)uL"yl roijonance of blie coniijlex appear;:, aljove 
ILK and thus docs not i n t e r f e r e . The t-lDutyl resonance of 
Pr(DPM)- in tlie prejonce of .sub.stratey, 0Gcu.r3 in the 
5-5 O range and ca '5-5 0 range and can maolc reGoriancerj of in toreo t in ooinc ca;jca. 
r t i s ecpcc ia l ly uneful for the obnervation of metliyl groups 
11 2 in s t e ro ids , 
11 3 Rondeau and Sievcrs have repor ted tha t europiura and 
praseodymium coiaplcxetj of 1 ,1 ,1 , 2 ,2 ,3 ,3-heptaf luoro-7 ,7-dime-
thyl-4-,6-OGtanedione (fod) arc superior sh i f t reagents for 
v/eak Lev/is baoeo sxach ao et*nir and e s t e r s "because of t h e i r 
g r e a t e r s o l u b i l i t y and inlaerent g rea te r ease in handl ing . 
Tlie magnitude of induced sh i f t fo-r a por t ion i s usua l ly 
expressed in terms of." o -va lue" proposed by Gooker i l l and 
Rackham , as the slope of strai^^ht l i ne obtained by p l o t t i n g 
the sh i f t value ( Z .^V ) aga ins t Uio molar r.atio of Eu(DPM)., 
t o a s u b s t r a t e . Usually spec t ra arc determined at 8-10 
dif fexent molar r a t i o s to ob ta in each s lope . The l a rge r the 
v a l u e s , the g rea te r the p a r t i c u l a r proton i s sh i f t ed downfield 
11 5 
by the sh i f t reagent<. I t i s GUg;;;c;'^ ''^ ed t ha t the shif.t reagent 
e x h i b i t s i t s e f fec t by establivshmcnt of a rapid (on the NlilPv. 
time scale) equi l ibr ium betv^'een a l a b i l e complex of EU(DPM)-. 
with a Lewis base -••-iid unaosooiatcd s o l u t e s . This l a b i l e complex 
con t r ibu te s very s i g n i f i c a n t l y to the observed s h i f t through 
a t l e a s t tv/o mechaitism, through bond or Ihrovigh space . The 
3d 
former ic imiooi'tant when on'J.y two or th ree bondG acx)^rate 
hydrogen and europiurrio The l a t t e r ef fec t 1300011103 dominant 
when foiir or more bonds are involved if close approach of ' 
eiirO'Piuxii and hydrogen is l ikc lyo In the case of polyfunct ional 
molecules, the observed i)arama(j;netic s h i f t s are sums of 
co-ntributions due t o magnetic i n t e r a c t i o n from metal a s soc ia -
t i o n at each sitCo 
nv Kavvuno ct a l . have reported x^^raraagne I;ic induced 
s h i f t s tudies in the NMl spec bra of flavones and bif lavones 
using Eu(fod)^. These s tud ies provide an exce l len t method 
to distiioguish between a proton a t tached to e i t h e r C-6 or 
C:-8 of a flavono nucleus because H-6 shows much l a rge r sh i f t s 
than H-8. 
The result on fo-ur moiaoflavanoid methyl ethers, namely 
apigenin trimcthyl ether (XXXVIII), 6-methozy apigenin trimethyl 
ether (XXXEC), quorcetin pentamethyl ether (XL) and myricetin 
kexamethyl ether (XLI) are recorded in Table - T. It follows that 
(a) metho^ xy group at C-5 position shows the largest shift 
02»34^—18.08 ppm) meaning that complexation occurs mostly 
at neighbouring carbonyl group, (b) H-6 shows considerable 
shift (5.7-^7.16 ppm) when compared with that of H-8 (1.12^--^ 
t .56 ppm), (c) H or OCIl. attached to side phenyl groups 
show the least shifts and (d) H~5 (--1.54, 0.08 ppm) 
and OCff^ -^  (0„08, 0.U2 ppm) show rather small shifts in 
4U 
comparison, wibh thoae o l 0GH..-6 (5 .16 ppm) and OCE^-7 (1 .02 
1.28 ppm) Vihoac p o c U i o n a ave a t a d i n t a n c c from i c a r "bony 1 
I 
g r o u p . I t i c notGv/or(;hy t h a t . the_Tr-3 of-compound (XXXIX) 






(XXXYIII) R -= 11 
(XXXIX) R -^  OGH^  
(XL) 11 = H 
(XLI) R = OGH^  
S-
TABLE - Y 
7aluc:> of r iavono compounds by Eu( fod) r 











( \ j . j ' \ ) 
G,jZ 
( 1 . 1 2 ) 
1 .56 
0 




- U 5 4 
(12 . : ; 4 ) 
(^»16) 
( 1 . 0 2 ) 
1 .18 
-O.pO 
- 0 . 2 6 
*. ( - 0 , 1 8 ) 
Dunds 
(XL) 
( 0 . 8 0 ) 
(14.04-) 
3 .70 
( 1 . 2 8 ) 
1 . 12 
0 . 4 6 
0 . 1 4 , ( 0 , 1 2 ) 
( 1 . 0 4 ) 
(XLI) 
( 0 . 9 2 ) * 
( 1 8 . 8 3 ) 
7 . 1 6 
( 1 . 1 4 ) * 
1 .UO 
0 . 4 6 
( 0 . 1 2 ) 
(0. :52) 
Aaoienmonl; irs hoiiti I. Lvo, PartjuthcLjoa nhovi mo thoxy p r o t o n uhi lL: 
S p e c t r a v/orc t a k o i in CT)Glv Golu t ion ua ing i n t e r n a l TMS. 
41 
Abo-ut ei^j;lil; fu l ly methylated bif lavones have been 
s tud ied , using Eu(rod)^. C> '^^lue- by EuCfod)^ of only six fu l l y 
methylated b i f l avones , namely, hexa-0-methyl cupressuflavone 
(Vb), hexa-0-metliyl a^athisf lavone (Vib) , hexa-0-methyl 
amentoflavone ( l l l b ) , xjonta-O-methyl hinolcif lavone (XXIIIb) , 
penta-0-methyl A" I~4^~0~IT-a_/biupegcnin (XXIV) and 
penta-0-methyl ochnaflavone (XXVTb)'''^  are being shown in the 











OCH 3 H3CO. 
HoCO vo 
OCH3 0 













TAHLS - VZ 
O -Ta lues ai ' f u l l y methy la ted b i f l a v o n e s by EiL(fod)^ 
Compounds 
P ro tons (Tb) CVIb) ( I l l b ) CXXIIIb) (XXIV) (XXVIb) 
002^-1-5 






- 1 1 - 3 
- 1 - 6 
- I I - 6 
- 1 - 8 
- I I - 8 
- 1 - 2 V 
-n-2» 
- 1 - 3 »• 
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( 0 - 0 . 1 0 ) 
- 0 . 1 0 
- 0 . 1 2 
-0v12 
* UTentative ass ignment 
4b 
The induced shiffc-s ohovi the name tendency as obcerved 
in four laonoflavonen (Table - V). In bi f lavonos, a h a l l amount 
of used reagent 2.3 ei 'fcclivo to ouch flavone uolecule , when 
the rjaifie molar r-tlxo oi' Llie rc^ >.(_,(„jil iu u.ddud. However, 
OGH7-I-5 and OCHv-II-5 ahow I,wo di-fXcrenb nhixl; valueo from 
each other except lo r a symmetrical compound (Vb), This means 
t ha t complexation of Eu(fod)v bo both flavone n u c l e i i s not 
even bub charac tej"istic to each compound due to t h e i r chemical 
s t r u c t u r e s . I t i s i n t e r e s t i n c that Ii~I-:3* and II-1-5* of 
compound (XXIIIb) show a much l a rge r s h i f t value (2.00 ppm) 
than those (0,10^-^10.24 pprn) of other compounds, perhaps, 
because the side phenyl ffcoup i s a t tached to 6 -pos i t ion of 
the other flavone nucleuso 
Tlie l a rge r sh i f t value among those of H-I-8 and H-II-8 
i s 1.14 ppm (compouiid XXIIIb) which i s s t i l l much smaller 
value than those of 11-1-6 and II~II-6 (2.76^-^5.80 ppm). This 
fac t makes i t poss ible t o , d is t inguish betv/een the protons at 
p o s i t i o n 6 and 8 in a flavone -j.nd accordingly to decide the 
interflav>-^noid liul^j^c through e i t he r G-6 or 0-8 in bif lavones. 
1 ^  
g-WMR Spectroscopy of Biflavanoids 
1 
H-NIvIR spectroscopy involving s h i f t s of the methoxy 
s i gna l s in the spectrum of the permcthylethcr , upon progressive 
97 add i t i on of dcutcrobcn?",cne-^', has been used for the dotormina-
tion-^^'"'^' of intcrClavanoid l inkage . The sh i f t of the s igna l 
46 
occurs i f one pos i t i on o r t h o - to a given methoxy ^iroup i s 
u n s u b s t i t u t e d , Though appl ied succescful ly in many cases , t h i s 
method i s r e s t r i c b c d in i tn app l i cab i l i t yo Thus in the case 
o.f hepta-O-methyl r.'ibaranflavoriR , ono mothoxyl o icna l doon 
not sh i f t at a l l on the add i t ion of GgDg, supporting a / 7 l - 3 , 
IIr-6_7 linked atructui-e, in sp i t e of the fact t ha t a ^I~3,II-8_7 
l inkage v;as l a t e r confirmed" by syn thes i s . The use of the 
paramagnetic sh i f t reagent Hu(fod)v helped to d i f f e r e n t i a t e 
the s igna ls due to H-j:i,IT~6 and TT-0 in 5,7-dimethoxyflavanoids 
and t h i s has been extended to. the bi f lavanoid permethyl 
e t he r s *' . Howovor, s ince both flavanoid moieties are 
complexed» d i f fe ren t s h i f t s may r e s u l t from the same subs t i tuen t 
on each nucleus . Hence a method of wider a p p l i c a b i l i t y i s 
necessary foi" an unambiguous determination of the in t erf l ava-
no id linkage in such compounds. The assignment of the s ignals 
1 "5 
in the G-M5R spectra of ten oxygenated biflaviinoids was 
achieved on the basis of off-resonance and proton coupled 
117 118 
spectra and by ajialogy with published values ' for the 
monomeric compounds. This method obviates the necessity of 
preparing the pormcthyl ethers which are obligatory for the 
•1 
H-ITMR solvent 'induced sh i f t s t u d i e s . As a consequence t h e r e -
f o r e , t h i s method has p o t e n t i a l also for the l oca t i on of 
raethoxy s u b s t i t u t i o n d i r e c t l y in a n a t u r a l l y occurring methy-
l a t e d b i f lavanoid . 
47 
Itinkage involving r ing A only 
The s igna ls for G-6 and G--8 in the -^ C-NMR spectra of 
mo.nomeric f lavanones, flavones and f lavanols with a 5 ,7-
dihydroxy s u b s t i t u t i o n can be unamhiguously d i f f e r e n t i a t e d 
by a cons idera t ion of t h e i r m u l t i p l i c i t i e s in proton coupled 
spec t ra and by spec i f ic proton decoupling. For a large number 
of such compounds the resonances for these carbon atoms v/ere 
117 found ' between 90.0 ppm to 100.0 ppm. The s igna l for G-6 
i s always found to be at lower f i e l d s than G-8 in a v a r i e t y 
of 5,7-dihydr6xy compounds. This difference i s small (ca. 0,9 w^ 
i n the flavanones and l a rge r (ca , 4.8 ppm) in flavones and 
f l avano l s . lii the case of permethyl-epicateohin the c o r r e s -
ponding difference was 1,7 Ppm, The s igna l for G-8 appeared 
downfield r e l a t i v e to the 0-6 and the assignment was confirmed 
119 by spec i f i c deutera t ion at 0-8 , On the bas i s of well e s t a -
-j 20 b l i shed r e s u l t s a lky l or a ry l s u b s t i t u t i o n on an aromatic 
nucleus should not e o s e n t i a l l y a l t e r ( jfO.5 ppm) the chemical 
s h i f t of the meta-carbon atoms. This i s well examplified by 
a comparison of the spectrum ,pf pinocembrin ( 5 , 7-dihydroxy-
flavanone) with t ha t of i t s 6-G-methyl and 8-G-methyl der iva-
t i v e s , as well as tha t of l u t e o l i n ( 5 , 7 , 3 ' , 4 ' - t e t r a h y d r o x y -
flavone) and i t s 8-G-benzyl d e r i v a t i v e s . In a l l these compounds, 
the s ignals for the quartei-nary G-subst i tu ted carbon atom 
sh i f t by 6.0 to 9.6 ppm downfield whereas the s igna l for the 
\msubs t i tu ted carbon i s not markedly a l t e r e d . Even a G-6 
48 
hydroxyl s u b s t i t u t i o n , as in 6 - h y d r o x y l u t e o l i n on ly s l i g h t l y 
a l t e r a the p o a i t l o n of the s i g n a l f o r 0-8 compared v/lth t h a t 
of l u t e o l i n , 
TABLE - YII 
Chemical s h i f t s (ppm, TMS-0) of C-6 and G-8 i n some 
5 , 7 - d i h y d r o x y f l a v a n o i d s . 
Compounds G-6 0-B 
5»7-dihydroxyflavano.ne (p inocemhr in) 96,1 95.1 
6-C-methylpinocreiahrin 102.1 94* 7 
8-G~methylpinocembrin 95 .7 101,9 
5 ' r 4 ' , 5 , 7 - r e t r a h y d r o x y f l a v o n e 
( l u t e o l i n ) 99 .2 94 .2 
8-C-benzylluteolin 98,6 103,8 
6-hydroxylutGolin HO.4 93.6 
Bi the spectrum of cupressuflavone £~l-8fll-Q hiapi-
geninJ7 there are only 13 resonances present due to the high 
symmetry of the molecule, The signal for 1-6 and II-6 appears 
at 99,0 ppm whereas the signal for 1-8 and IX-8 shifts down-
field (relative to apigenin) to 98,7 ppm, due to substitution 
effect of the interflavanoid linkage. Thece assignments v/ere 
1 "^  
co^nfirmed by the proton coupled -^ C-WMl spectrum. Methylation 
of both 1-7 and II-7 hydroxy groups in cupressuflavone shifts 
49 
the s igna l l o r 1-6 and II~6 upf ie ld to 95.6 ppm whereas the 
r -8 and I I - 8 s ignals move downfield tO' 99.1 ppm. Again confirma-
tio/n was achieved by taking the proton coupled spectrum in 
which the s igna l at 99.1 Ppm exhib i ted at J'QJ^ i n t e r a c t i o n 
with 1-6 hydrogen atom. In the hexa-0-methyl e the r of cupre-
ssToflavone the s ignal Tor both 1-8 and II-O appears downfield 
r e l a t i v e to t ha t of ap igen in - t r i -0 -methy l e t h e r , a t 101.2 ppm 
v/hereas 1-6 and I I -6 are not appreciably s h i f t e d . The spectrum 
of agathisflavo/ne £~I~^, 11-8 b i ap igen in j / shows e ight d i s -
t i n c t resonances in the region 93.0 ppm to 104.o ppm. The 
s igna l s for the xmsubsti tuted carbon atom 1-8 and I I -6 appear 
a t the expected values 93.7 ppm and 98.9 ppm r e s p e c t i v e l y 
v/hile 1-6 and I I -8 have t h e i r resonances at 103.6 ppm and 
99.4 ppm. The downfield s h i f t s experienced by the l a t t e r two 
carbon atoms (4.7 ppm to 5.7 ppm) are due to the s u b s t i t u t i o n 
e f fec t of the in te r f lavanoid l inkage . The other four s ighalc 
between 102.8 ppm and 104.0 ppm can be assigned t o the carbon 
atoms I - 3 r I I - 3 , 1-10 and 11-10 r e s p e c t i v e l y . There are seven 
s igna l s in the region 94.0 ppm to 104.0 ppm in the spectrum 
of rhusflavone /^nar ingenin 1-6, I I - 8 apigenin_7» They can 
be assigned by analogy with agathisf lavone i t s e l f and the 
publ ished values for nar ingenin . Thus the carbon atoms I I -6 
and I I -8 of rhusflavone and aj^athiaflavone had almost i d e n t i c a l 
chemical sh i f t values 98,0 ppm and 99.5 Ppm for the respec t ive 
5D 
caxbon atomp. The ourbon atom 1-6 resonated at 100.3 ppm. 
The.difference in the oxidation level of the two C rings in 
rhusflavone is clearly reflected in tv/o well separated carhonyl 
resonances for 1-4 (196.5 ppm) and II-4- (182,3 ppm)''''''' . 
1 3 This, thus demonotratod the potential of. -^ G-ITMR spectroscopy 
when one is dealing with biflavanoids with differing oxi-
dation levels in the G rings. The spectral region 93.0 ppm 
to' •^ 03,0 3?pGi, irv the '^pectrmu of chusflavanoae £^1~S, 11-8 
binaringenin_7 comprises six resonances. The methine carbon 
lines for 1-8 and 11-6 appear as expected at 94.6 ppm and 
95.7 ppm respectively. The signals at 101.2 ppm and 100,3 ppm 
can be assigned to 1-6 and II-8 and those at 101,8 ppm and 
102,2 ppm to 1-10 and 11-10 carbon atoms whereas a 1-6, II-6 
biapigenin is known only as a synthetic product, the corres-
ponding 1-6, II-6 binaringenin-succedaneaflanone is however 
knov;n to occ;ir in nature. As in the case of cupressuflavone, 
the spectrum of succedaneaflavonone showed only 12 signals 
due to high symmetry of tho molecule and the coincidence 
of the signals for 1-5, II-5, 1-9 and II-9 carbon atoms. 
The signal for 1-6 and II-6 appears,at 101,1 ppm whereas 
the unsubstituted 1-8 and II-8 carbon atoms resonate at 
94»7 ppm. The signal at 101,9 Ppm foj.' two quaternary carbon 
atoms can be assigned only to I-HO and.11-10 atoms in 
succedaneaflavanone. The signals at 101.1 ppm and 101.9 ppm 
51 
were differentiated by the fact that the signal intensity 
of the latter was much greater than that of the former, 
reflecting different relaxation behaviour. The assignment 
of the signals for 1-2, II~2, 1-3, II-3 and the carbon atoms 
of the ring I-B and II-B in all the above compounds v/ere 
made by analogy with apigenin, its methyl ethers and nar-
ingenin. 
Linkages involving ring A and B 
The three methine carbon atoms II-8, 1-6 and 1-8 
of robustaflavo'ne /[~I-3',II-6 apigenin_7 '^^^ be easily 
assigned to the signals at 93.9 ppm, 99»0 ppm and 94.0 ppm 
respectively. The signal for II-6 carbon atom appears at 
103»5 ppm. The spectral interval 116,0 ppm to 131.0 ppm 
consist of eight resonances of the carbon atoms of the tv;o 
B rings. This is almost identical witlac the same spectral 
region of amentoflavone ['l-'y ,11-8 apigenin__7» and the sig-
nals can be easily assigned on the basis of shifts expected 
for aryl substitution at 1-3' and the off-resonance spectrnmv 
The signals for the three carbon atoms 1-6, 1-8 and II-6 
in the spectrum of amentoflavone can also be readily iden-
tified to be at 98,9 ppm, 94.2 ppm and 99.1 ppm respectively. 
The- 11-8 resonance appears at 104,1 ppm and is 5,6 ppm 
more downfield as compared with the position of the same 
signal in cupressuflavone. 
5^ 
Liiikage involving I-13 
!Ehe only biflavanoid included in this study with a 
^I-3,II-8_7 linkage was volkensiflavone /^naxingenln 1-3f 
II-6 apigeninj?. The spectrum of this compo\md at 100° showed 
22 resonances with coincidence of the signals for r-5, r-9 
and II-2 (at 165.7 ppm), 1-1', 1-2',11-2', 1-6; and 11-6* 
(at 128.1 ppm), II-5' and 11-5^ (at 115.9 ppm) and 1-3*, I~5 
(at 114.6 ppm) . The resonances 1-2 and 1-3 appeared at 81o4 ppm 
and 48r2 ppm respectively and are 3.0 ppm and 6.2 ppm down-
field of the corresponding ones of naringenin. These shifts 
are d.iae;..to theC>C- and f> -suhstituent effect of the 8-apigeninyl 
moiety at the carbon atom 1-3. The resonances for 1-6 and 
1-8 appear at 96»4 ppm an^ 95.3 ppm whereas those of II-6 
and ir-8 appear at 98.5 ppm and 100,6 ppm respectively. Is is 
to be expected the two carhonyl resonances at 196,0 ppm (1-4) 
and 181»6 ppm ClI-4) reflect the respective levels of oxida-
tion of the two 0 rings. The presence of conformational equi-
librium, due to inhibition of free rotation about the 0-a 
bond in the interflavanoid linlcage, in volkensiflavone was 
demonstrated by running the spectrum at 35° . Two signals 
of differing intensity for each of the carbon atoms 1-2 
(81,3 ppm and 82o4 Ppm) and 1-3 (48,7 ppm and 47.9 ppm) are 
present in the spectrum. In addition several carbon resonances 
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Location of metho::yl groux^ 
©le pos i t i on of a methoxyl sulDstitucnt in a 'biflavanoid 
cannot be determined on the bas i s of cheiiiical s h i f t of the 
methoxy carbon, as the v a r i a t i o n is too small to be of a 
d iagnost ic va lue . Hov/evor, c l e r i c crowding as in the case of 
5 ,6 ,7 - t r i -O-methy l compounds does cauco a downfield s h i f t of 
the methoxy carbons by car 6.0 ppm, v/hercas 'in a 5-hydroxy-6, 
7--dimeth'0xy der iva t ive the sh i f t i s only of the order of 3.0 ppm 
The dov/nfield ahifI- of the s igna l for the carbon, bearing the 
hydroxyl group, o.n methylation is a lso v a r i a b l e . Plowever, the 
upf i e ld sh i f t of the s igna l for the ortho carbon atoms is more 
r e l i a b l e d i agnos t i ca l l y , thus enabling an ind i r ec t determination 
117 of the s i t e of 0-met]iylation 
In conclusion, i t i s apparent t h a t mere inspec t ion 
o f - the chemical shifL v-'ilucs in the s p e c t r a l region 90.0 ppm 
tO/ 105.0 ppm, in '^C-NM spectrum of a b i f lavanoid , can give 
a good ind ica t ion of the liidcage pos i t ions if r i n g A i s 
involved in a C-G linicage. This may be a d d i t i o n a l l y confirmed 
by a normal off-resonanco spectrum. In the event of any new 
C-CT linked bif lavanoid being i so l a t ed , involving the r ings 
A in the linJcage, thir; method v/il l be idea l for determining 
the linlcage p o s i t i o n . 
5i) 
MASS SPECTROMETRY 
lElie mass spectra of a wide variety of. organic 
natxxral products have been studied only during the last few 
years. The tntroduction of the inlet system suitable for 
volatilization of high molecular weight (M"% 300-1200) 
organic materials has greatly increased the utility of mass 
specbrometry. Generally fragmentation is related to the 
strvictures of the intact molecule. Recently a number of 
papers on the evaluation of structtire fragmentation pattern 
relationship in mono and biflavanoids have appeared, 
Elavones 
121 
KTingston has discussed the mass spectra of a large 
number of flavones, flavanols and their ether derivatives. 
He has s"ammarized the manner in which monoflavones fragment 
as follov/st 
CaJ Flavones with fewer than four hydroxy groups do not 
readily fragment, a consequence of the stability of 
their molecular ion, 
(b) Flavones with fewer than four hydroxy groups tend to 
undergo decomposition pi^edominently by way of the retD 
121 122 Diels-Alder process * . Ihis and other common 
fragmentation processes are shown in Chart - 1 using 
apigenin (XIII) as a typical example. 
56 
( c ) An M~1 "*" ion i s o f t e n found in t h e mass s p e c t r a of 





m, i/e 242 (major) 
HO. 
(C) m/e 121 
A l t e r n a t i v e Re t ro Alder 






(A) m/e 152 
+ r / ^ OH 






(C) m/e 121 
(GHARI - 1) 
(d) Idle presence of ion C (Chart - 1) f requent ly more 
intense wlxen a 5-Iiydroxy group i s p resen t , i s a t t r i b u t e d 
to the a l t e r n a t i v e mode of r e t r o Diels-Alder fragmenta-
t i o n a lso depicted in Chart - 1. 
(e) Doubly charged ions are f requent ly p r e s e n t . 
( f ) When heavi ly subs t i tu t ed v/ith hydroxyls and methoxyls, 
the flavone tends to fragment in a l e s s p red ic tab le 
manner, re t ro-Die ls -Alder process become in s ign i f i can t 
and the spectrum is dominated by the molecular ion 
and ions at M-15, M-28 and M-43 . 
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Flavanones 
Hi the case of flavanoids with reduced heterocyclic 
ring, fragmentations hy path A and B are of great importance 
as they lead to clear cut, characteristic spectra (Chart - 2). 
- f -
// \£^ 
(CHART - 2) 
Another method of breakdown, that helps to character 
ige the flavanones is the loss of either a hydrogen atom or 




These X3:agmoiitation proce.SGca arc i l l u s t r a t e d in the 
case of 4-'-methoxyflavanone (XLIV) (Chart - 5 ) . The fragment 
with methoxy group takeo near ly a l l the charge due to resonance 
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A f i i r t h e r peak i s a t m/e 108 a r i s i n g from a hydrogen 
t r a n s f e r r e a c t i o n 
+. OCH-
' ^ ^ 
m/e 108 (10) 
The presence of hydroxyl or methoxyl group at 0-4 pos i t ion of 
r i n g B f a c i l i t a t e s , "by cnhv.r;-ced resonance s t a b i l i z a t i o n of 
the r e s u l t i n g fragment, ionj the formation of P-hydroxy benzyl 
or P-methoxy benzyl ion (or t h e i r equivalent tropolium ions ) , 
r e s p e c t i v e l y . These ions appear as peaks of s i g n i f i c a n t 
i n t e n s i t y in the mass spectrum of nar ingenin (XIiV)/its 








Seshadri et al. *• have made a more specific study of 
tlie mass spectral fragmentation of the permethyl ether deriva-
tives of araentoflavone, cupressuflavone and hinokiflavone, The 
following fragmentation schemes (Chart - 4»5 and 6) have 
been proposed to explain the appearance of some of the ions 
observed. Molecular ion is usually the base peak. Apart from 
the processes mentioned earlier for apigenin/its trimethyl 
ether these compounds also undergo (i) fission of the C-C or 
the C-0-0 linkages between the aromatic residues, (ii) elimi-
nation of (JO and CHO from the biphenyl ethers and (iii) re-
arrangement involving condensation between the phenyl rings. 
Steric factors seem to play an important role in 
influencing the breakdown mo'de and internal condensations. 
These factors become so much dominent in agathisflavone hexa-
methyl ether that the ion at m/e 511 appears as base peak 
instead of molecular ion, m/e 622 (90). 
The mass spectra of amentoflavone hexamethyl ether 
and cupressuflavone hexamethyl ether are similar, molecular 
ion being the base pealc in each case. Difference lies in the 
intensities of the corresponding peaks due to variation in 
substitution patterns and steric factors. The main peaks toge-
ther with their intensities in the mass spectra of these 
compounds are given below. 
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The mode of f r a g m e n t j l i o n in shown in Chart - 4, 
Main Peaks; 
0 OCH3 
622(100; 621 (31 ) ; 607(33) ; 592 (8 ) ; 576 (10 ) ; 
312(2) ; 3 1 1 ( 5 ) ; 245(5 ) ; 101(2 ) ; 1 0 0 ( 3 ) ; : i 3 5 ( 1 6 ) ; 













m/e 245(490 "*•"*) 
(A) H3CO 0 








Cupressi if lavone hexamethyl e t h e r 
The mode of f ragmentat ion, i s g iven i n Chart - 5 , 
Main Peaks ; 622(100) ; 621(38) ; 6 0 7 ( 8 ) ; 592 (18 ) ; 5 7 6 ( 4 ) ; 
312 (7 ) ; 311(14) ; 2 4 5 ( 1 1 ) ; 155(26) and 1 5 2 ( 1 4 ) . 






OCH-, 0 + 
^ (VT3) M 622(100) 
m/e 576 (4-) (B) 
in, i/e 511 (14) 







m. / e 135 (26) 
OCH3 0 
m, 
(CIL'.RT - 5) 
/ e 245 (^11) (A) 
( i . e . 496^ ) 
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The peaks at in/e 607 and 592 obviously arise by the 
loss of methyl groups. The peak at m/e 576 has been assigned 
the structure B (Chart 4 and 5), a condensation product. Such 
a condensation product has been reported to be formed when 
amentoflavone is heated with zinc dust . The reason for 
difference in intensities of such ions in the spectra of 
cupressuflavone hexamethyl ether (4-%) and amentoflavone 
hexamethyl ether (10^) is that the former is a symmetric type. 
This results in differences in the steric disposition of one 
flavone unit relative to the other, thus hindering or favour-
1 7 A 
ing condensation between the pluenyl rings • 
The ion at m/e 311 is due to both the doubly charged 
ion (BT."*"*) and the apigenin trimethyl ether fragment (M"*'/2). 
The difference in the intensities in the spectra of cupressu-
flavone hexamethyl ether (14?^ ) and amentoflavone hexamethyl 
ether (5^) is due to variation in the oxygenation pattern 
of the biphenyl residues in the two compounds, which is 
responsible for differences in the labile nature of the inter-
apigeninyl bond. Another explanation would be that the removal 
of another electron from M"*" is difficult in the case of (Illb). 
Thirdly double RDA fission of molecular ion (Illb) may yield 
the fragment (G) m/e 310 (59^ )» which after accepting a hydrogen 
atom gives an ion D having m/e 311. 
It is surprising that the ketene fragment at m/e 180 
which should "be expected as a result of the RDA fission of 
apigenin trimethyl ether unit, is practically absent in the 
spectrum of cupressuflavone hexamethyl ether» 
Hinokiflavone Pentamcthyl ether 
The mode of fr.ifimentation is considerahly different 
from that of araentoflavone and cupressuflavone hexamethyl 
ether (Chart - 6), 
Main Peaks:. 608(39) 
578(11) 
311(22) 
181 (]1 ) 
607(12); 593(36); 580(4); 579(11); 
576(6); 431(7); 327(23); 312(22); 
304(22); 297(29); 296(75); 281(22); 
180(3) ; 135(19) and 132(18). 
The base peak in this case appears at m/e 313 and the 
molecular ion m/e 608 amounts to 39^ ^ of this peak. This could 
be attributed to the fact that the biphenyl ether bridge suffers 
easy rupture; hydrogen transfer then leads to 313 fragments The 
fission of the ether bridge in (XXVI) can take place in two 
ways; (l) by route (1) giving the ions at m/e 297 (29) and m/e 
311 (22) and (II) by route (2) giving ions at m/e 281 (22) and 
m/e 327 (23). Moreover, the observation that the 313 ion is not 
intense suggests that route (1) is favoured i.e the bond between 
the oxygen bridge and the highly oxygenated phenyl ring breaks 
-, 124 preferably ^, 
m/e :511 (21 ) in/e 313 (100) 
OCH3 
m/e 296 (75) 
m/e 180 (3) 
H3CO 
HCO 0 
m/e 281 (22) m/o 327 (23) ra/e 132 (16) 
(01 (...'-iv - 6) 
6^  
Th& Ion at m/e 304 is obviously M"*'"'" , since the molecular ion 
in this case cannot split ijit-o two equal fragments having this 
m/e value. Further evidence for it being doubly charged ion 
is provided by the ai)pearance of * the laotope peak at half a 
mass unit higher (304.5). Ions at m/e 593 and 578 arise by 
the loss of methyl groups, m/e 580 and 579 by the loss of CO 
and GHO respectively, and m/e 576 by internal condensation. 
The ions due to the loss of CO and CHO are not found in the 
spectra of biphenyl type biflavones. The ions at m/e 431 and 
296 arise by various modes of RDA fission. 
pchnaflavone pentamethyl ether (XXVIb) 
The mode of fragmentation in ochnaflavone pentamethyl 
ether is quite similar to that of penta-0-methyl hinokiflavone 
as shown in Chart - 7. 
Main Peaks: ni/e eOBCM*^; m/e 592; m/e 580; m/e 327; 
m/e 311; 304(M"^"*'/2); m/e 297; m/e 280 
and so on. 




OCH3 0 (icxvrb) 
M+ , ci/e 600 







Blf l avanones 
q c / eg 
Jaokson e t a l , *-^ ^*-^  have s u c c e s s f u l l y a p p l i e d mass 
spec t rome t ry tO' e l u c i d a t e t h e a t r u c t \ i r e of b i f l a v a n o i d s of 










(e ) GB-1-Heptaraothyl 











All the features observed in mass spectra of biflava-
noids of 'G-B' series and their luclhyl el;hers have analogies with 
similarly substituted mono-flavanones. The mass spectrum of 
GB-1 heptamethyl ether (XXIe)-^ '^  showed the presence of ions. 
0CH3 












m/e 476 H3CO 0 
(CIWRT - 8) 
ni/e 312 
a t m/e 121, 154^ 181* 312 and 476, The presence of ions a t 
•*• i~ 
Tti/e 154 and 181 cons is ten t v/ith fragments; £^ C^K-z»iOW&).z,0'E^ 
aijd '£'O^K2»iOUQ.) ,OE.OQJ , r e s p e c t i v e l y , supported the presence 
of phloroglucj,nol r ing system ..derived from a 5,7-dihydroxy-
flavanone system. In add i t i on , the presence of another r i ng 
was suggested by an ion at m/e 121 cons i s t en t with a 
/~MeO.CgH.GH2^ fragment. Mass spectrum a lso supported the 
nature of the linicage since the fragmentation of molecular ion 
a t m/e 656 can be r a t i o n a l i z e d by RDA r e a c t i o n of flavanone, 
f i r s t a t r i ng I-O to give a fragment ion a t m/e 476, followed 
by a s imilar fragmentation a t r ing II-G t o give an ion a t m/e 
312. This two stage breakdown fragmentation p a t t e r n i s fu l ly 
subs tan t i a t ed by tlic prenr-ncc of raobastable peaks. These 
r e s u l t s can only be accommodated by a l inkage fr§m the oxygen 
he te rocyc l ic r i n g r-G to the phlorogluc inol r i n g ' I I - A (Chart - 8 ) . 
The production of phloroglucinol dimethyl e ther at m/e 154, 
a process which i s not observed in simple analogous f l ava-
nones, i s probably of thermal o r i g i n , in fac t phloroglucinol 
i s so r ead i ly l o s t from GfB flavanones t h a t i f the temperature 
of the io-n chamber in the mass spectrometer much exceeds the 
minimum (v--^200'^) for evaporation of the sample, the re i s 
d i f f i c u l t r y in detect ing the molecular ion . The thermal 
i n s t a b i l i t y of GB-1 was es tab l i shed by hea t ing i t in a tube 
a t 280 and from the pyrolys is products , phloroglucinol was 
i so l a t ed and cha rac te r i zed . 
li. 
As suggested by Palter , the ion of m/e 312 cannot 
be due to the formation of apigenin trimethyl ether because 
fragmentation pattern below 312 bears no resemblance to that 
of apigenin trimethyl ether. The ians, V e 180 and m/e 152 
which could arise by RDA reaction of apigenin trimethyl 
ether, are entirely absent from the spectra of GB bifla-
vanone methyl ethers. Further the alternative isoflavanone-
flavanone structure (XITII)^-^ proposed for GB biflavanones 
was ruled out on the basis *of the appearance of the ion at 
m/e 121 in the spectrum of GB~2 Octaraethyl ether, which could 
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R=4i,432 iOlUM'V - > 9 ) OH b 
iii/e 296 
7 4 
The prominent ions a t m/e 180 and 132 no t ed in the mass 
spect rum of a p i g e n i n t r i m e t h y l e t h e r a re e n t i r e l y absen t from 
t h e mass spect rum of GB~1 hep tame thy l e t h e r . This c l e a r l y 
i n d i c a t e s the u n a c c e p t a b i l i t y of P e t e r » s i m p l i c a t i o n s . 
F u r t h e r , the mass s p e c t r a of t he p a r e n t compounds G-B—2 and 
GB-2a (Char t - 9) showed c l e a r l y t h e p resence of ions a t m/e 107 
and 123 c o n s i s t e n t with t h e f ragments ob t a ined from aromat ic 
r i n g s I-B and I I - B r e s p e c t i v e l y , GB-2 i n i t i a l l y l o s e s the 
e lements of p h l o r o i j l u c i n o l (M-126), and t hen by a RDA p r o c e s s , 
r i n g Il-ff frat^ments to g ive an ion w i th m/e 296 (and not 
a t m/e 312) , ' A d d i t i o n a l l y , two, s u c c e s s i v e RDA f r a g m e n t a t i o n s 
arounLcL r i n g s I-G and I I -O of GB-2a g ive an ion a t m/e 270 
(^and not a t m/e 28G)» This evidence c l e a r l y e s t a b l i s h e d t h a t 
t h e 3»4-dihydroxyiDhenyl sys tem c o n s t i t u t e s r i n g I I - B and not 
r i n g I-B i n GB~2 (XXIc and GB-2a(XXId)^, 
F lavanone-g lavone type b i f l a v a n o i d s 
Venkataraman et a l , ^ Jackson e t a l , - ' and Vishwanathan 
53 r— 
e t a l , have r e p o r t e d t h e mass s p e c t r a l s t u d i e s of (_ 1-3, 
I I - S j Z l in l ied f l avanone - f l avone type b i f l a v a n o i d s . These 
combine t h e c h a r a c t e r i s t i c f r a g m e n t a t i o n p a t t e r n s of f l avanone 
and a f l a v o n e . The mass spectrum of t a l b o t a f l a v o n e hexamethyl 
53 






J^^CO 0 . 
3 m/e 444 (50) ^ 
(Y) ra/e 416(15) 
(a) 
OCH3 
m/e 154 ( 3 6 ) ( l ) 
(GH;iRT - 10) 
H^ CO 6 
^ m/e 512 (45)(H) 
7 to 
Tlie mass spectral Ira^ m^entat,ion of moTClloflavone 
(XlXa) heptamethyl ether ic similar to those shown for 
talbotaflavone hexamethyl ether (XIXc) except for the increase 
of 30 mass units in the ions (Chart ~ 10) G(3$i6), D(10%), E(2?i), 
F(46^) and (x{22fo) due to- an extra raethoxy group in the II-B 
ring. The intensities o£ other ions are A(32/o), B(325^), H(13^) 
and 1(100). 
The mass spectral studies of the hiflavanoids reveal 
that their fragmenbation pattei-ns depend not only on the 
constituent monomeric flavanoid unit hut also on the nature 
and position of inter flavanoid linlcage, IVhile the cracking 
patterns of simpler flavanoids are less complex, in applica-
tion of these concepts to biflavanoids, one has to take into 
consideration the influence of the additional structural and 
steric factors. 
High Pressure Liquid Uhroma tqgraphy (HPLCji"" 57a,b ,c 
HPLC is a rol^,tively new technique, somewhat akin to 
GrLCJ except that the carrier gas is replaced by a solvent or 
157a,b 
solvent mixture • in principle it is ideally suited to 
the chromatographic analysis (both qualitative and quantitative) 
of nonvolatile compounds. The full potential of this method 
7? 
for the chromatography of flavunoids has not yet been realized 
but one good example of its usefulness has recently appeared. 
1 57c 
Charalambous e t al» (1973) examined the pol3rphenols in 
beer and wine by th i s method using TIDAC ( s i l i c a ) colximn 
(1m X 2mm) a t 400 p s i monitored by a UV de tec to r . The solvent 
systems: hexane, followed by mcthanol-chloroform-acetic acid 
(30:70t1) and hexane-chloroform ( 1 : 1 ) , followed by methanol-
chloroform~acetic acid (50 :50 :1 ) , were found su i t ab l e for the 
sepa ra t ion of Quercetin, Kaempherol, Catechin, Oatechin g a l l a -
t e s , Caffeic acid and Ooumaric ac id , with r e t e n t i o n times of 
10-20 minutes. 
Idvantagey claimed for HPLO ana lys i s include (X) short 
ana lys i s time, ( I I ) high r e s o l u t i o n , ( I I I ) no d e r i v a t i z a t i o n 
requ i red , (V) no r i s k of thermal decomposition. •am& (V) easy 
q u a n t i f i c a t i o n . 
vs 
synthesis 
The ,synthGo.i.;.i of the hiflavanoidG with reduced he tor o-
cyclic rings introduces pi-obleia olstereochemistry which can 
be expected to offer a (^ reat : challenge to the chemist of the 
futiire, Howevei", recently synthesis of hepta-O-methyl fukugetin 
(Chart XIII) has been reported . A partial synthesis of GB-1a 
hag also been affected. The synthetic approaches to members of 
'the biflavone families fall into five distinct catergories. 
1. Coupling of two flavone nuclei by Ullmann reaction. 
2<> Ullmann synthesis of suitably substituted biphenyls and 
biphenyl ethers followed by their heteroannulation to 
biflavoneSo 
3. Wasseley-Moser rearrangement of existing biflavones e.g. 
interconversion of cupressuflavone and agathisfl<.:.vone, 
4, Partial meth.ylation a.-id demethylation of natural ••.•or 
synthetic biflavones, 
5» Phenol oxidative coupling of flavones* 
1, Ullmann Coupling of Flavones 
A number of biflavanoids with different interflavanoid 
linkages h^ve been synthesised by the application of Ullmann 
reaction '^» '^  ^  Nakazawa accomplished the synthesis of amento-
1^ 
flavone hexametliyl ether by mixed Ullmann r eac t i on between 
3*"--iodo-4S5,7-tri-0-mcthylflavone (XLVIII) and 8 - iodo-4 ' ,5 , 
7-tri~0~methylflavonc (XLIX). Cupressuflavone hexamethyl e ther 
was obtained as a by product and was found i d e n t i c a l with 
the one obtained from natura'l sources . Later on Seshadri 
e t al,-^ have alcjo M;yril;hcoiood cui^resouflavone hexaraethyl 
e the r from 8-iodo-4*,5,7- t r i -O-mcthylf lavone (XIIX) under 





The synthGGiG of [^ l-A'-0-11-8J and /7 I~4'-0-11-6J7 
aiiiked hinokiflavone methyl e thers has been repor ted by 
ffakazawa^, The permethylated 3 ' -n i t rob i f l avone methyl e t h e r s , 
the key in te rmedia tes , were obtained by condensation of 
3»-n i t ro-4 ' - iodo-5 ,7-d i -0-methyl f lavone (I.) and 8 and 
6-hydroxy-4 '»5,7- t r i -0-methylf lavones (LI and LII) in DMSO 
in the presence of KoGO.,. The n i t r o e the r s were reduced by 
Na„SpO. in aqueous DB1P, diazot izcd and decomposed v;ith 





(LI) R^=OH, R2=ii 












/I "1 "K 
Seshadri et a l , have repor ted tha-b demethylation 
and Wasseley-MoGer rearrangement occurred during Ullmann 
condensation between 8-iodo apigenin t r i raethyl e ther (XLIX) 
and apigenin-5,7-dimethyl ether (LI I I ) using ac t i va t ed copper-
bronze and KpGO-, in isoaiuyl a lcohol to give n a t u r a l h ino-
kiflavone pcntaincthyl e ther and cupressuflavone hexamethyl 
e t h e r , a f t e r methylafcion of the r e a c t i o n product (Chart - 11) , 
OCH3 0 + 
H 
OCH-
1. Ullmann react ion:Cu-bronze; 
K2C0-V in isoaniyl a lcohol ; re f lux 
2. Remethylation of crude par -
t i a l l y demethylated product 





(GHiiRT - 11) [vc] 
8^ 
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2- ITllmann Synthesis of Blflavones Via Blphenyl and 
Biphenyl ether precvtrsors "" 
1 29 Mathai and co-workers first introduce this approach 
to the synthesia of biflavoneG in iy64. However,, none o-f the 
biflavones prepared by the rfl 0 c c Txt' s naturally, Ahmad and Razaq 
appear to have quickly realized the potential of the method 
-.'.nd have successfully synthesized the hexamethjtl (Tc) and 
tetramethyl (Yd) ethers of cupress-uflavone (Va) as shown in 
Chart ~ 12. The method involved Ullmann coupling between two 
molecules of 1-iodo-2,4»6-trimethoxy benzene (LIY) to form a 
biphenyl system (LV) aa the first step, subsequent•Priedel 
G-raft*s acylation, partial demethylation and condensation v/ith 
anisaldehyde gave a bichalcone (LYI). Oxidative cyclization 
of bichalcone by SeO^ gave cupressuflavone hexamethyl ether 
(Vc) which on partial demethylation was converted into cupressU' 
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(CHART - 1:-^ ) 
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L a t e r Qn Kawi.jio c t u l , •^ h;ive a l s o used t h e Game 
methO'd for t h e G^'iilliesii; o.C a^^.j.IjhiGllavonc hc:camethyl e t h e r 
(Ylb) and cuprcnauIlavonG hey:.a;(iethyl. e t h e r (Vc) . Prom the 
F r i e d e l C r a f t ' s a c y t a t i o n ol" (LVII) wi th a c e t y l c h l o r i d e and 
almniniuci c h l o r i d e in d i e t h y l e t h e r , t he two compounds (LVIII) 
and (LIK) cou ld he isol/i-ljed. Si^bcequent a c y l a t i o n of t h e s e 
compoundc v/ith P-anir>oyl c h l o r i d e , Baker-Venlcutararaan r e a r r a n g e -
ment and r in[ j c lucuve (juvc cupD^Gcouf lavone hexui.ie i:hyl e bher (Vc) 









OCH. 3 VA 
[uviii] [vc] 
8t> 
The s t ruc ture of Ochnaflavone as 1-4',1-5 , I I -5 ,1-7 , 
I I -7 pentahydroicy £" l-3»^-o-II-4''_7 biflavone (XXVIj was 
confirmed Dy the synthesis of "its methyl ether O'^Xvro)''^ 
using diphenyl e ther dicarhoxylic acide. chloride (LX.) and 









The a l t e r n a t i v e s t ruc tu re ( IXII) suggested for 
14 
ochnciflavone methyl e ther was a lso synthesized in the 
same way using the isomeric diphenyl dicarboxylic acid 
I f 




1 32 Konoshima e t a l , •" have repor ted the synthes is of I I - -5 ' , 
1-4*', I I -4W I~5, I I~5 , I-7-II-7-hepta-0-methylf lavonQ 
/ 7 l - 3 , I I ~ 8 j 7 ilavone (hepta-0-methyl fulcugetin) (IXV) and 
i t s dehydxocenated der iva t ive (LXVI)(hepta-0-methyl saharan-
flavonc) (GluirL - 15) 
8/ 
8-Chloromethyl l u t e o l i n t e t r a m e t h y l e t h e r (LXIII ) was 
c o n v e r t e d i n t o the a c i d c h l o r i d e whose e s t e r i f i c a t i o n wi th 
p h l o r o g l u c i n o l d imethyl e t h e r and subsequent F r i e s r e a r r a n g e -
ment gave t h e r e u u i r o d kc to f luvonc ( IXIY) . ICiiia wao conduns-
ed wi th an i sa ldehyde and c y c l i z a t i o n of the r e s u l t i n g c h a l -
cone gave ( £} h o p t a - 0 - m e t h y l f u k u g e t i n (LXI7), C y c l i z a t i o n 
o£ (LXIV) w i t h a n i s i c anhydr ide and sodium a n i s a t e ( A l l a n -
Robinson method) or dehydrogena t ion of (IJ.Y) wi th i o d i n e -
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[L'XIV] H ^ 
t . Condensation 
2>CyGlizat.ion 







3» Wessaley Moser Rearrangement 
The Wecseley Mcraer rearrangement which at tended 
>I 't "K 
Seshadr i ' s synthesis of hinokiflavone pentaraethyl e ther 
43 (Chart - 11) has been put to bene f i c i a l use by P e l t e r e t a l 
for the synthes is of a^^athisflavone hexamethyl e t h e r , Pe l t e r 
43 
e t al.^-^ t r e a t e d ( + ) cupreasuflavone hexamethyl e ther with 
hydroiodic acid in ac(?tic anhydride a t 130-140° for 8 hours 
( t y p i c a l Wesseley Moser condifcions) a f t e r which the r eac t i on 
s^ 
was worked up and remethylated to give a mixture of (+ ) 
agatbisflavone hexaraethyl ether and (+ ) cupressuflavone 
hexamethyl ether in the ratiO' 3:2(¥/W), The conversion 
constituted the first preparation of a member of the 
agathisflavone fami3iy. Benzene induced NLSR solvent shifts 
were used to verify the linkage positions in agathisflavone 
(^a) and cupressuf lavone (.^p.), 
4. partial Pemethylation and Methylatlon of Natural and-
Synthetic Biflavones 
A large ntiinbex of partial methyl ethers of cupressu-
flavone and agathisflavone has been prepared by the controlled 
demethylation of cupressuflavone hexamethyl ether. In the 
4-1 a. initial study Seshadri et al,^ obtained only the dimethyl 
and tetramethyl ethers of cujoressuflavone. However, repeti-
tion of the reaction by Rahman et al, -^-^  showed that there 
is an added complication,/for the wesseley Moser rearrangement 
accompanies demethylation yielding derivatives of both 
agathisflavone and cupressuflavone. The 0-methyl derivatives 
of agathisflavone have not been fully characterized but on 
remethylation thoy all give agathisflavone hexamethyl ether. 
Agathisflavoh(|> hexamc thyl ether subjected to the same derae-
thylation cq-nditions gives an identical mixture of 0-methyl 
derivatives. ]?rom this study it is concluded that demethyla-
9(1 
tion follaws the sequence C-5, than 0-4* and finally C-7, 
precisely the same ceoucnce is ohoerved for apigenin trimethyl 
ether, partial methylation of cupressuflavone with 5»5 equi-
4.1 1 
valents of dimethyl sulphate has been used for Seshadri at al, 
to obtain the tctra-(Yd) and penta (.Ye) methyl ethers of 
cupressuflavone. Tiie 0-methyl derivatives of amentoflavone 
and hinokiflavone /_" 1-4'-0-II~6_7 have also been obtained by 
partial demethylation of corresponding biflavone methyl ethers. 
5» Phenol Oxidative Coupling 
Of all the methods di^'cussed, the dimerization of 
apigenin and the derivative by oxidative coupling offers the 
most stimulating and aesthetically pleasing, route to the 
biflavo-nes since it most closely follows the process which 
,is iDelieved to occur in nature. The application of phenol 
oxidative coupling to synthetic chemistry has, therefore, been 
1 54--J '-56 
extensively studied . It has been experimentally esta-
blished in the. phenol oxidative mechanism, OIhe phcnolate ion 
is oxidised, by an electron oxidant like ferric chloride 
or potassium ferricyanide, to a phenoxy radical, 
ArO" +/Fe(CIT)g_75'" -> Aro +/Fe(GN)g_7'^~ 
The free e lec t ron in the phenoxy r a d i c a l may be shown 
at various places by meaomeric e f f e c t . The free r a d i c a l s are 
then coupled r ap id ly and i r r e v e r s i b l y under k i n e t i c cont ro l ,hy 
three of the many modes of dimerization theoretlScally poss ib l e . 
9i 
(1) Homolybic coup l ing 
2 ArO ^ iJ\rQ)^ 
(it) Radical inGcrtion 
ArO + ArO >- (ArO)^ 
C i i i ) H e t e r o l y t i c couiJlini 
•U) 
ArO >• ArO "^  
ArO"" + ArO "^  >- (ArO)2 
I t i s r e a s o n a b l e to anaunie t h a t coup l ing occurs f a s t e s t a t t h e 
pos i t io .ns of h i g h e s t clencity of the f r ee e l e c t r o n excep t ivhere 
t he r e , i s c t e r i c hindr.-incc of approach . 
The p a r e n t hiflcivone t o g e t h e r vrilh t h e i r variou,3 O-methyl 
t h e r s e x h i b i t e i t h e r G-0 or C-O-G linlcage between the f l a v a n o i d 
un i t ' s which might be expec ted to a r i s e througli o x i d a t i v e c o u p l -
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Molyneux -et al. ^  have investigated the oxidative 
coupling o£ apigenin usin^ alkaline potassium ferricyanide 
and isolated two biflavones, (Till) and (IX) with inter-
flavanoid linkages /^ l-:i,ll-3j and /f 1-5,11-5'^/respectively, 
out of these two latter one has been Isolated very recently 
from Taiwania cryptomeroids. 
[viii] [.] 
The synthetic compounds (VIII) and (EC) appear to 
arise presumably by appropriate spin-pairing of the mesome-
ric radical (LXVII), although none of the symmetrical 
^~I~3*»II-3'J7 linked dimer, which might also be expected 
to be formed, could be isolated. These observations are 
1 37 
consistent v/ith the findings of Kunnle et al, -^' who studied 
the electron spin resonance spectra of flavanoid anion 
radicals (derived from polyhydroxy-flavones and having a 
94 
5-hydro:x:y function) and concluded that the delocalization 
of an unpaired electron initially generated at the G,4' 
hydroxy group in apigenin occurs oaaly in rings B and (X (LX7II) < 
Thus, in order to achieve an Interflavanoid linkage to ring 
A, Molyneux et al»-^ ' believe that a radical initially generat-
ed at G-4* in apigenin and delocalized attacks electrophili-
cally the electron rich C-6 or G--8 positions of the phloro-
glucinol ring of an intact apigenin molecule i.e. radical 
substitution occurs in preference to radical pairing* 
1 58 
S"eshadri et al, -^  have carried out oxidative coupl-
ing of apigenin -4', 7~dime fchyl ether v/ith ferric chloride 
in bodling dioxan and isolated a dimer in Sfo yield v;hose 





On the basis of these findings Seshadri et al. -^  
have suggested that v^hen hydroxy groups are protected by 
methylation (leaving only the 5-OH group free), dimeri-
zatio-n takes place through 6- or 8- positions of A ring. 
It is reasonable to expect that in nature adequate machanism 
is available for protecting the hydroxyl groups and bringing 
about the coupling through the position in A ring. 
DISCUSS ION 
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BIFIiAYOms FROM OUPRESSUS v^ USTRALIS PESF. 
The genus Gupressus Linn , "^ ^ (Gupressaceae) c o n s i o t o 
of about 20 s p e c i e s , most ly eve rg reen t r e e s r a r e l y shrubs 
b e a r i n g smal l c l o s e l y p r e s s e d e c a l e - l i k e l e a v e s and d i s t r i -
bu t ed in the Medi te r ranean r e g i o n , t r o p i c a l Asia and North 
America*They a re c u l t i v a t e d fo r t h e i r g r a c e f u l h a b i t and 
dark green f o l i a g e . Most of t h e s p e c i e s a r e impor tan t for 
timbe.r t r e e s i n t h e i r n a t i v e c o u n t r i e s and e l s e w h e r e . The 
wood of Cupressus l u s i t a n i c a Var, ben thami i Gar r , has been 
found s u i t a b l e fo r paper p u l p . 
N a t r a j a n e t a l . had chemica l l y examined e i g h t 
s p e c i e s of t he f ami ly cupres saceae and r e p o r t e d c u p r e s s u -
f lavone and amentof l avone , a long wi th some o t h e r b i f lo .vones , 
i n a l l the s p e c i e s examined* Thus cup re s su f l avone and 
amentoflavone seem t o be c h a r a c t e r i s t i c b i f l a v o n e s t o 
c u p r e s s a c e a e , and t hey se rve as a u s e f u l taxonomic murker. 
The p r e s e n t d i s c u s s i o n dea l s w i th bhe s t u d y of the 
complex mixture of b i f l a v o n e s i n t h e l e a f e x t r a c t s of 
Gupressus a u s b r a l i s Desf, (Syn. G a l l i t r i s rhomoboidea R. 
B r , ) as amentoflavone ( I l i a ) , cupressuf lavone ' ( 7 a ) , r o b u s -
t a f l a v o n e ( V i l a ) , mono-0-methylamentof l a v o n e , h i n o k i f ] avoiie 
(XXIIIa) and raono-0-methylhinokiflavone (XXII Ib ) , R o b u s t a f l a -
vone i s be ing r e p o r t e d for the f i r s t t ime in genus ' G u p r e s s u s ' . 
( I l l ) 
R. = R. = R^ = H (a) R^  = Rg = R3 = x^ 
(b) Rp = R^ *= R. = R^ = R^ = H 6^ 
(c) R^  = Rj = R^ - R5 = Rg = H 
R-i ~ GH'^  
Rg = GH^ 
(d) Rg -R3 -R^ -x.g 
R4 = R{- — GH'z 
(e) R^  ~ ^ 2 ~ ^ 3 ~ ^ 4 
R/- ^ H 
R5 = Re = GH3 
(V) 
(a) R^  s R^ 
(t) R-, = R2 
= R5 - R4 - R3 := Rg - H 




( a ) R^ = R^ = R^ = R^ = R^ = Rg = H 
( b ) R^ = R = R = R. = R = Rg = CE, 
( a ) R^  
( b ) R^ 
R . 
(XXIIT) 
= R2 = R3 = 
= R3 = R ^ = R 5 
= cir. 
Rx = Re = H 
= E 
9^  
Leaves of Gupressus auGtralis Desf. were procured 
from Darjeeling, Bidia. The phenolic extractive of the 
coarsely powdered leaves on purification by solvent frac-
no 
tionation and column chromatography (silica gel)' revealed 
the presence of three major hands labelled as GAJ, GAII 
and GAIII in ol'der of increasing R^ ^ values. 
All these three bands were separated by preparative 
TIC (BPF^ 36:9:5) and eluted by acetone mixed'with pyridine 
(2?^). 
CAI 
CAI although homogeneous in chromatographic behaviour 
in number of solvent systems (BPP, TEF and BEA), was found, 
on complete methylation followed by TLG examination to be 
a mixture of three methylethers l abe l l ed as CAIMI, GAIMII 
and'CAlMIII, They were separated by prepara t ive TLG and 
charac ter ized as hexa-0-methyl amentoflavone, hexa-0-methyl 
cupressuflavone and hexa-0~methyl robustaflavone r-r-spectively, 
when compared with authent ic samples (melting p o i n t s , 
mixed melting p o i n t s , R^ f a lues , c h a r a c t e r i s t i c shade in 
U7 l igh t and NI.IR spec t r a l ^studies of t h e i r methyl e t h e r s . ) . 
•BPP = Benzene rPyridine:Formic acid 
10^ 
'i'ABTi"E - IX 
Chemical s h i f t s of p ro tons ( T a c a l e ) of OAIMI 
S i g n a l Ho. of p ro tons AssiGnment 
5.52 (d) 1 H-I -8 
3.66 (d) 1 H-I -6 
3.58 (a ) 1. n - I I - 6 
2.10 (q) 1 H-I-6» 
2.88 (d) 1 H- I -5* 
2.16 (d) 1 H-I-2» 
2.62 (d> 2 H - I I - 2 M I - 6 » 
3.24 (d) 2 H ~ I I ~ 3 M I - 5 ' 
3 .48 ( B ) 1 H- I -3 
3.42 ( s ) 1 H - I I - 3 
6 . 0 8 , 5 . 9 4 6 OMe-1-5,11-5 
6 . 1 2 , 6 . 1 8 6 OMe-1-4 ' , 11 -4 ' 
6 , 2 5 , 6 . 2 7 6 OMe-,I-7,II-7 
s ~ singlet, d = doublet,, q, = quartet 
Spectrum run in GDC1-, at 100 f/iHz,TMS as internal 
standard =Tl0.00 
TABLE - X 
loi 
BiXlavanoids 1-5-0 Me 11-5-one 




( l - 4 ' - 0 - I I - 8 ) 
S.GAIMI 
X 5 .^88 Y 3'^G 
T 6.13 T 5.94 
T 6.41 r 5.95 
r 6.00 r 5.92 
I 
T 6.07 T 5.92 
The NMR spectrum (ji'ig. 1) of OAIUl showed ABX and 
ApBp oystetus associa ted with r i n ^ s I~B and II-B s u h s t i t u t e d 
a t pos i t ions 1-3* > 1-4*^  and II-4* r e a p e c t i v e l y . Thus I-B 
and II-A r ings of the hif lavoae seemed t o be involved in 
intoi-flavtOioid linlcage. In p a r t i c u l a r the values shov/ed tha t 
a - I ~ 3 ' io liflced to e i t h e r 0-11-6 or G- I I -8 . The obBsrvation 
t h a t in b i f lavones , having aromatic subs t i t uen t s a t 0-1-8 
the I I - 5 OMe group genera l ly appeared belov; ^6»0^^^ (Table X) 
l ed us to bel ieve tha t subs t i t uen t (flavone un i t ) in GAITII 
was located at 0 - I I -8 and not at C-II-6# 
i 'urther a l l methoxy groups on change of solvent 
from douterochloroforra to deuterobonzene, noved upf ie ld 
showing tha t every methoxy group had a t l e a s t one ortho proton 
and, t he re fo re , a a - I I - 8 r a t h e r than G-II-6 linlcage was confirmed. 






10 6 5 
PPMCI.) 
F f G I 
l U ^ 
An authent ic sample of amentoflavone hoxamethyleChcr was found 
to give miSL I den t i ca l with GAIMI in a l l r e s p e c t s . 
UAIMX was, t h u s , assigned the s t ruc tu re I - 4 * , I I ~ 4 ' , 





TABLE - XI 
Chemical shifts of protons ( T" Scale) of C-AIMII 
S ignal ITo. of protons Assignment 
3.41 (s) 
3.43 (s) 
2,70 (d,J=9 H2) 
2.70 (d,J=9 Hz) 




















s = s i n g l e t , dsdoulDlet 
Spectrum run in GDGl^  a t 100 Ma, TLIS as i n t e r n a l standard=TlO.OO. 
IJWi spectrum of CAIMII suggested t h a t molecule had an 
axis of symmetry, H-1-3x11-3 and H-1-6,11-6 were d i s t inguished , 
the former ( T 3.41) appearing a t the c h a r a c t e r i s t i c pos i t ion 
for the E-I -3 of a f lavone. I t was immediately obvious tha t 
r i ngs I-B and I I -B vzere subs t i t u t ed only by 1-4' ,11-4* methoxy 
groups as the re was a c l ea r ApBp p a t t e r n of protons of r ings 
I-B and I I - B . !I!Wo methoxy groups had values beldv7T6»0 
( ^ 5 . 9 ) . Tb-ese were the 1-5,11-5 methoxy groups which were 
present in two d i f fe ren t monoflavanoid u n i t s of the bif lavono, 
This may perhaps be t he c h a r a c t e r i s t i c of such groups in 
1-8,11-8 l inked bif lavones or in an 8- l inked monoflavanoid 
i init of a b i f l avone . This observat ion was supported by the 
s tud ies both i n biphenyl as well as biphenyl e ther type s e r i e s 
of b i f lavanoids (Table X) . 
There was a singlet representing two protons around 
'T 5.45. This v/as assigned to aromatic protons at II-I-6, 
II-6. Its high position indicated that it must be between 
two oxygen atoms and ring I-J\, therefore, be mota substi-
tuted by oxygen, To meet the requirements of symmetry and 
ITMR spectrum the two possible structures for the fraction 





(VA) (1-8,11-8 linlced) 
H3CO 
-OCH. 
(VB) (1-6,11-6 lirJcGd) 
10i> 
The final deciclon between 0-1-8,11-8 and C-1-6,11-6 
linkage xias takon by "benzene induced colvent shift otudios of 
methoxy resonances. The shifts in methoxy resonance as a 
result of change of solvent from dcuterochloroform to deu-
terobenzene are shown in Table XII. 
Ti'iBIE - XII 
Position of Signals in Signals in Shifts in c/s 
OMe UDGI-5 ° ^ ^ ^6^6 °^^ 
C~5 412 556 +56 
G-4-* 386 529 4-57 
0-1 571 502 + 69 
Thus a l l t he t h r e e methoxygroups s h i f t e d u p f i e l d as 
expec ted for a C - I - 8 , I I - 8 l inkat^e . 
O'Airill, t h e r e f o r e , has been a s s i g n e d t h e o t ruc tu re 
1-4 *, I I - 4 » , 1-5 , I I - 5 ,1~7 , I I - 7 hexa -o -methy l A" 1-8, I I -S^J b i f l .wo lo 
(VA). 
TA'JLE - X I I I 
Chemical shifts of protons of aAIMIII 
Signals No. of protons Assignment 
5.65 (d,J=2.5) 1 n-I~6 
5.42 (d,J=2.5 Hz) 1 H-I-8 
5.55 (S) 2 H-1-5,11-5 
5.12 (S) 1 H-II-8 
2.98 (d,J=e Hz) 2 H-II-5',5« 
lot) 
signals No. of protons Assignment 
2.91 (d,J=0 Hz) 1 H-I~5' 
2.13 (d,J=e Hz) 2 H-II-2»,6' 
2.12 (q,J. ^ .5 Hz 1 ' H-I-6» 
^2=9 Hz) 
2.19 (d,J=2.5 HZ) 1 H-I~2» 
6.07,6.59(3) 6 OMe~I~5,II-5 
6.12,6.15 (S) 6 O M e - I - 4 M I - 4 ' 
6.12,6.18 (S) 6 OMe-I-7,II-7 
S==singlet, d=doublet, q=<].uartet 
spectrum run in ODCl, a t 100 M z , niS as i n t e r n a l 
s tandard=TlO,0' . 
The mfL spectrum of CAIMIII (Pig . 2) showed 
c l e a r l y tha t the molecule was not symmetrical. The appearance 
of two 1H doublet a t "p 5.65 and T 5 . 4 2 with J values 
(2.5 Hz) c h a r a c t e r i s t i c of raeta coupled protons and 1H 
s ing le t a t Y* 3.12 suggest tha t a t l e a s t one of the two 'A» 
r ings v.'as involved in in te r f lavanoid l inkage . There was 
a lso evidenced a se t of A^Bp protons atT2.93 and72.13 
v/ith J values (9 Hz) c h a r a c t e r i s t i c of ortho coupled 
protons and three other aromatic protons in t h i s region 
which shov/ed the ABC p a t t e r n of B r i n g s . Thus one of the 
B r ings involved in l inkage through 3» -pos i t i on . This 














evidenced a 2H singlet at T" 5.55. The pattern of aromatic 
signals was more or less like that of amentoflavone 
hexamethylether. 
Unlike amentoflavone hexarnethylethcr,however, no 
methoxy group appeared below T6,00 and one methoxy group 
appeared at "T6,39, a value much higher than any methoxy 
gro-up of amentoflavone hexamethylether. If the linkage 
was considered through the 6-position, the signal at 
V6»59 could be assigned to S-OGE^ group at the 6-linlced 
flavone unit in analogy with I-5-OCH3 of agathisflavone 
hexamethylether, 
CAIMIII was therefore assigned the structure 1-4', 







The ch romatograph ioa l ly homogeneous f r a c t i o n GAII, 
on complete me thy la t ion and TLC exarainat ion v/aq found t o be 
a mixture of amentoflavone hexamethy le ther and h i n o k i f l a v o n e 
pen tamethy le the r« CAII was , t h e r e f o r e , s u b j e c t e d t o COD 
s e p a r a t i o n betv;een e t h y l methyl ke tone and b o r a t e bu f f e r 
(pH 9 . 6 ) . The CCD r e s u l t s y i e l d e d two components l a b e l l e d 
a s GAIIa and CAIIb, The f r a c t i o n CAIIa be ing minor v/as 
d e t e c t e d on TIG only as raono-0-methyl amentof lavone . 
TLG examinat ion of CAIIb and ib s me thy le the r 
(CAIIbM) i n d i c a t e d i t t o be h i n o k i f l a v o n e p e n t a m e t h y l e t h e r . 
The r e s u l t s of 1^ 5R s p e c t r a of GAIIb A (Acetabe) and 
OAIIbM a r e l i s t e d in t h e Table XIV. 
TABLE - XIV 
Chemical s h i f t s of p r o t o n s (Y*Scaled of CAIIbA and GAlIbM 
CAIIbM 
3.45 (1H,d,J=2.5Ife 
3 .63 ( lH,d , J=2 .5I Iz ) 
2.95 (1H,S) 









3.18 ( lH,d , J=f i .5 Hz) 





Assignment ' OAllbA CAirbM 
H - r - 2 M - 6 ' 2.10 (2H,cl,J=8 Hz) 2 .12 (2H,d,J=5 Hz) 
H - r - 3 S r - 5 » 2.94 (2H,d,J=9 Hz) 2 .98 (2H,d,J=9 Hz) 
H - I I - 2 M r - 6 ^ 2.20 (2H,d,J=9 Hz) 2.20 (2H,d,J=e Hz) 
H - i i - 3 » , l l - 5 » 2.64 (2H,d,J=g Ha) 5.06 (2H,d,J=e Hz) 
0Ac/0Me-II-4» 7 . 9 4 , 7 . 7 6 , 7 . 6 8 , 6.06 6.09 
I - 5 , I I - 5 , r - 7 , n - 7 7.56 (15H,S) (15H,S) 
S =B i n g l e t , d =daublet 
Spectrum r u n i n CDCl., a t 100 IMz, IMS as i n t e r n a l standard=TlO.OG 
The NMR s p e c t r a of GAIIbA and GAIIbM showed s i g n a l s 
f o r f i v e ace toxy and f i v e methoxy groups r e s p e c t i v e l y . The 
appearance of two s e t s of AgBg p ro tons i n OAIIM, hut i n 
a c e t a t e GAIIbA only one s e t Bg s h i f t i n g downfield sugges ted 
t h e p resence of f r ee hydroxy l group a t C-4* of one of the 
B - r i n g s i n GAIIb whi le t h e C--4* p o s i t i o n of t h e o t h e r B - r i ngs 
seemed t o ' h e involved i n e t h e r l i n k a g e . The l inlcage couid 
not be th rough C-I~3 or C - I I - 3 as t h e r e were a lmos t two 
i n v a r i a n t p r o t o n s a t T 3 . 3 6 and V 3 . 4 4 . Moreover, t h i s 
l i n k a g e would l e a d t o two^ meta co^upled p a i r s a s s o c i a t e d wi th 
r i n g I-A and I I - A , and non^, i n f a c t v/as obse rved . Two meta 
coupled d o u b l e t s a t T 3 . t 8 and 1r2.58 and a s i n g l e t a t 
T 2 . 7 6 s u g g e s t e d , t h e r e f o r e , the l inlcage e i t h e r through 
11^ 
C~6 or G-0 of A ring of one of the flavone units. OAIR), on 
the basis of the above obaervations may be represented by 






The f i n a l decicion betv/con /~ I -4 ' -0 - I I -6_7 (XXIII) 
and / 7 l - 4 ' - 0 - I I - 8 j 7 (XXIV) liiilcage wan taken by benzene 
induced solvent sh i f t s tudies of mcthoxy resonances. The 
methoxy resonance of C-AIIbH on chanfje of solvent ,froin CDCl,.-
to OgDg, (JAIIb shovvud methoxy s h i f t s ^4Il2,:34nii ,57H2,64Il2, 
and 1HZ» These sh i f t s are vvell witl i in the ran^e for four 
unhindered methoxy groups and one hindered methoxy group. 
I t was reasonable to assume tha t hindered methoxy group 
was at the one at U-II~5 (XXIII) flan]<:cd by ether linJca -^^ e 
on one side and carbonyl group on the othero 
The f rac t ion GAIIb was thus as..;igned the s t ruc ture 
I I -4 M - 5 , II-5,1-Y , I I -7 pentahydroxy A - 4 ' -0- I I -6_7 bif lavoJie 
(XXIIia) . ^ 
CAIII 
TLC examination of UAIII and its metliyletlier OAIIir,; 
indicated it to be monomethyl ether of hinoltiflavone. 
N m and mass spectra (M"*'720) of GAIIIA (Pig.^  5) also 
showed one methoxy and foiu: acetoxy groups. The result;;; of 
NMR spectra of acetate CAIIIA and mcthylether (JAIIIM of 
CAIII arc shown in Table XV* 
FIG 3 
11^ 
Cheuiiccil ehiXlG 0/ protono oL" [JAIIIA ajjf] (JAIIIM 
Ass tgaraenl, 
H- I -6 
H - I - 8 
H - I I - 8 
H- I -3 
H - I I - 3 
H - I - 2 ' , I - 6 » 
H - I I - 2 M I - 6 » 
H ~ I - 5 M - 5 » 
H - I I - 3 M I - 5 * 
OlTie-Il-7 
OAc/OMe-I-5r I I -5 , 



















(2n^d,J=9 Hi^ O 
(2H,d,J=9 Hz) 
(2H,d,J--^ Hz) 





7.63 (S ,3H,each j 
GAIIIM 
3.66 ( l H , d , J = 2 . 5 Hz) 




2.12 (2H,d,J=e Hz) 
2.20 (2H,d,J=9 Hz) 
2 .9a (2H,d,J=9 Hz) 
3.06 (2H,d,J=9 Hz) 
6.06 6.12 (15H,S) 
1 
S = s i n g l e t , , d ~ doublet 
ffjiectrum r u n i n ODClv a t 100 MHz and TI.IS as in t . e rna l 
s t a n d a r d = 10.00 
MIR and mass s p e c t r a l s t u d i e s of OAIIIA showed i t 
t o he a monomethoxy t e t r a a c e t o x y h ino lc i f l avone . The p o s s i b i l i t y 
of methoxy group being a t 1-5 or I I - 5 was r u l e d out as in 
t h e pa ren t compound i t s e l f t h e r e were two hydrogen bonded 
113 
hydroxyl groups ut T^^ i^ and Tz.'J expec ted l o r fchcoc 
p o o i t i o n s . An 11-11-8 was found inviir ianl; in OAIIIA and 
GAIIIM (Table AV), the rueUioxy group was acsi / ined t o I I - 7 
p o s i t i o n . 
The i o n s ' a t m/e i)20, m/e 28 j , m/e 299, m/c 403 and 
m/e 282 in the mass spectrum of CAIII (Chart 14) f u r t h e r 
suppor t the above assignmoni:, ^ ^ 1+ 
OH 0 m/e 299 
(GILdlT 14) 
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OAIII was', t he re fo re , asGigned the structu 're 
I I -4 ' , i -5,11-5,1-7~tetrahyclroxy-II-7-o-methyl / " I~4 •~0-II-5_7 







The genus Gephalotaxuc (Cepha lo tazaceae) c o n s i s t c of 
only seven s p e c i e s and n e a r l y e leven v a r i t i e o . They a r e 
most ly eve rg reen t r c c o o- shrubG and a r e found i n China , 
J apan , Korea^ t h e Kbasia h i l l s and AoGam* 
The taxonomic p o s i t i o n of Gephaloba>:us i s deba tab lco 
Uesp i t e s u p e r f i c i a l resemblance t o t h e Taxaceae, v;,ith which 
i t i s u n i t e d by many a u t h o r s r CTophalotaxug i s rej^arded by 
o t h e r s as s a l e genus of a d i s t i n c t f a m i l y , t he Gephalo taxaceae 
tO' be p l aced i n the C o n i f e r a l e s r a t h e r t h a n i n t h e T a x a l e s . 
!nhis Diono^generic family Gephalotaxaceae has been found t o 
c o a t a i n on ly anient of l a vone and i t s methyl e t h e r s . The absence 
of a l l bu t t h e amentoflavone group makes t h i s , one of the 
s i m p l e s t b i f l a v o n y l p a t t e r n s i n t h e G o n i f e r a l s , 
Qephalo-taxus drupacea. s i e b and 25uce and C. nana 
14.1 have, a l r e a d y been r e p o r t e d t o c o n t a i n Kayaflavone ^ a s t h e 
s o l e b i f l a v o n y l c o n s t i t u e n t a long w i th ap igen in -5 - rhamno-
142 22 
g l t i cosy l i n t h e former • Klian e t a l , r e p o r t e d t h e 
i s o l a t i o n and c h a r a c t e r i z a t i o n of s e q u o i a f l a v o n e , g i h k g e t i n , 
s c t a d a p t t y s i n and amentoflavone ( i n t r a c e s on ly) from t h e 
l e a f e x t r a c t s of C» drupacea Sleb and 56uce. 
61 
Recently Kahman et a l , reported the isola t ion and 
•characterization of a-methyl sequoiaflavone as the f i r s t 
lib 
example of naturally occuiring C-methyl biflavone from 
Cephalotaxus iiarringtonia, a sister species of C. drupacca ^-^^ 
Very recently tetra-O-methyl amentoflavone has also been 
isolated from legf extrdcfcs of 0» harringtonia by K, 
Ishratullah^^^. 
The present discussion deals with the study of complex 
mixture of biflavanoids in the leaf extracts of gephalotaxus 
griffithil as amentoflavone (in traces), sequoiaflavone 
(Illb), I-6-O-methyl sequoiaflavone (ITa), ginlcgetin (llld), 
apigenin and quercetin-i)-rh.aaanosid(5 (quercetrin) (LXXI)o 
I-6-O-methyl sequoiafluvone constitutes the second 
report of isolation and characterissation of naturally occurr-
ing C-methyl biflavones* Moreover, the isolation of quercetrin 
from, the leaves of C, griffithii is the first example of its 
occurrence in family Cephalotaxaceae. 
Dried and powdered leaves (2 kg) of C. griffithii, 
obtained from I}»S»B» College, Nainital, were exhausted v/ith 
petroleum ether (40-60°). The petrol exhausted leaves were 
refluxed with acetone till the extract was alraost colourless* 
rlie combined acetone extract v;as concentrated first at 
atmospheric pressure and then under reduced pressure, A gummy 
dark green mass was obtained. The green mass was further 
refluxed with potrolevun ether, benzene, chloroform, ethyl-
acetate and acetone respectively. :21io ethylace'tate fraction 
was concentrated to dryness under reduced pressure, and was 
treated with hot water, 
iEhG water insoluble portion was dissolved in ethanol 
and dried under reduced pressure to give a dark "brown solid 
mass, rt was purified on a solica gel oolurnn using different 
solvents, The ethyl acetate fraction of the column, on 
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TLC examination (BPP, 36t3;5) revealed the presence of 
five bands labelled as aCrl, aCrll, CGrlll, CGrIT and CGrV 
in, order of increasing K~, values. All these five bands 
were separated by preparative TLCT (BPE, 56:9:5} and eluted 
by acetone mixed with pyridine (2^), 
Water soluble portion was extracted with ethylacetate 
in a separating funnel, EtoAc fraction on concenbrabion 
and TLG examination on polymide showed the presence of three 
bands in order of increasing R~, values, labelled as OGrG-I 
CGrQII and CGrGIH, Paper chromatography using different 
solvent systems also showed the same results, GGrG-IX band 
could only be isolated quantitatively by prep, paper chroma-
tography using Butanol:Acetic AcidrWater (6:1:2) as solvent 
system of the choice. UGrGI and CGrGir remained undetected, 
TliC examination of C(rrI,CrGrII and GGrV, after their 
complete methylation, indicated all of them to be hexamethyl 
ether of awentoflavone by comparing them with authentic 
samples (R^, "Values and characteristic fluorescence in 
7R 
UY l i g h t ) ' • GGrI being a minor coiuponcnb could be i den t i f i ed 
l i b 
.ao hcyr ' -O-iuoUiyl -^cmo'l ^oou ')y '-^ JjO n i l ; / . Kc l / .y l ' ' -on it 
TIC cxJh\j.si -lion ui err! IV r;[io'. • (1 i l l.o W i.r ii rj', ,,y 1 j IU,M 
o f px? C J U J i . 
1-4 », I I - 4 ' ,1-5,11-5 ,11" /-Vunl hy i ro"y-~T- /-O-i-c ui;, 1 / f I-;; S II~0_7 
l^iflavono (GGrll) 
The TLO exornin J-io:i of O n n i MVI Ih-i i,\'ihy3. oi.lii-j' 
inclicr-^cd i t to bo i,'l:ci;u3-c oL' iiourjii 1,'iyl otboj' of - 'nonto-
f lavonc (tnajor) ana !.ioiio-0-iue oLyl C~iaothyl riMiLo'"i^voiio 
( m i n o r ) . On acebyl.ifcion v,ioh ^c^O/Py. auJ X'/ ' ' u J o n ' l cryn-
t u l l i s a t i o n , i t {^ ave J.U C^CGIOOC GGrll/i , ra.p. 244^, The 
TMR. ( F i g , 4) showed one m3thox5ri and .five acoboxyl ^^'oupc. 
The r e su i t . s or MIR s tud ien of C^rl lA, rjoouoiafLwoiKJ 
p e n t a a c e b a t e , amentoflavoac hox-mothyl ethoi- and ar.ientof!• ivono 
hoxaace t a l e a r e l i s t e d in Tab3_G ZVI. 
The p o s a i b i l i b y of raotboxy group b e i n r a t 1-5, 11-5 
p o s i t i o n was r u l e d out a,3 i n tho p r e n t compound i t a e l f bhoro 
were two hydrogen bonded hydroxy (i,roup::; a t T" 2 ar> expected 
fo r t h e s e p o s i t i o n n . B( I I - I -5 ' ) and "BgCH-II-j^', 5 ' ) p ro tons 
I 
a t T 2 . 5 3 and V 3 . 0 1 for r i n g 1-13 and I I - B respec tix^ely in 
OGrllA (Table-XYI) s h i f t e d downfield ao coiap^rcl to the 
hexa-0-methylaracntoflavone (Taolc-XVI) . This confirmed the 
presence of 4 ' -0 i \c in r i n ^ I~B and 4»-0-t\c i n r i n c I I - B . 
Thus methoxy group was not l oc itcd a t 0 - 4 ' of r i n ^ I-B or 
FIG A 
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TABLE - XYI 
Chemical sh i f t s of protons ( T s c a l e ) of CGrllA, GGquoiafliivone 
pentaacetd-te, amentoflavone hexamethylether and. aniontoflavonc 
hexaacc ta te , 










H-I I -2S 
II-6» 
11-5' 
E-r -5 , 
I I-3 
I-4». 




























































J =3 Hz) 
3.38 (1H,s) 
2.16 (1H,d, 
J=3 Hz) ' 
2.88 (1H,d, 
J=9 Hz) 
2.10 ( in ,q , 

















2.99 (1H,3 ) 
1.94 (1H,d, 
J =3 Hz) 
2.52 (1H,d, 
J=e Hz) 
1.99 ( in ,q, 
J. =9 Hz, 












(s,3H each) (s,3H each) 
F.B. Funborgin parentheses show chemical s h i f t s of mothoxy 
p ro tons . 
12^ 
CT-'l' of r i n c I I - B in Cur l lA. T^heo? connirin>'ntions loCt the 
only p o s s i b i l i t y of a s s i g n i n g the nelhoxy group to c i t h e r 
G-7 Qf I-A' or G-1 of r i n g U - A . I t './as placed a t C-7 of 
r i n g I-A due t o the fo l lowing c o n s i d e r a t i o n s : 
I 
ThG s i n g l e t a t T3o^8 in aaentoflavonG he::u.methyl 
e t h e r (Table XYI) moved t o T^.OO in GGrllA, sho/ving the 
presence of tv/o aceto:<:y groups in r i n g I I -A . This conprirea 
w e l l wi th H-6 i n r i n g II-A of Sequoiaflavone pcnbaacolate 
a t 3.01 (Table XVI). Fui-ther riorc, H-I -6 of 5,7 d iace toxy-
f lavone appeared a t T 5 . 1 5 , while H- I -8 a t Y2o45. 
fo r f u r t h e r con f i rma t ion , t he NLUl spec t run of 
GGrllA was found t o be i denb ioa l w i th t h a t of sequoiafl^ivone 
p e n t a a c e t a t e (Table XYl). 
CGr l l was, t h e r e f o r e , a s s igned the s l r u c t u r e of 
1-4 », I I - 4 ' , 1-5 , I I - 5 , I I -7-?entohydro>:y- I -7-0-methyl anienLo-




GGrl l l 
MetliylaLion followed by TLO examination of UGrll l 
indica ted i t to be a mixture o£ mono-0~methyl~G-methyl 
amentoflavone (major) and mono-0-methyl amGntoflavone (minor) 
as shown by R^ values and c h a r a c t e r i s t i c f luorescence in 
UV l i g h t ' . CGrl l l was, the re fo re , subjected to GOD separa-
t i o n betvveen e thy l methyl ketone and borate buffer (pH 9«6). 
I t yielded two compounds, CGrllla and GGrll lb. GGrllla 
being a minor f rac t ion could not be inves t iga ted fu r the r . 
However, GGrlllb was charac te r ized as I-6~G~methyl sequoia-
flavone by mass and NT.ffl s p e c t r a l s tud ies of i t s ace t a t e 
and raothylether d e r i v a t i v e s , 
I-6-G-methyl~I~4' , I I H - ' , I~5, II--7-PGntahydroxy-I-7-0--
methyl /~I-3^II-Oj7 bif lavone (GGrlllb) 
Compound 









The mass spectrum of CGrlllbM showed the molecular 
ion peak a t M"*" 636 and base peak at m/e 621. The NMR 
spectrum of GGrlllbM showed the presence of s ix methoxy 
and one G-mothyl group (figo 5 ) . The arom;)tic proton oignalj 
were found almost s imi la r to those of hexa-O-methyl anenlo-
PPM(T) 
4 5 10 
1 1 1 1 1 r 
OCH-
- = ^ - I — 1 1 1 -





I I I _ J 
Fro 5 
fli-VOiiG ( I l l u ) .;:r.oopi; •- r.ij) .;".Lc u a t "|^j.2!J hv\'>.^'!:'\ ox tv.'o i.icl.i 
c o u p l e d double l;r; ( I I l c ) due bo II-I-G o.nd IT-1-8 -y'. V:>.GG ...ud 
T''J'b2 r c n p o c l . i v j l y (Tad'le X V I I ) , im\ioI'.'ula^-^ 1-6 o r I--8--G-
1110 bliyl ;'n!cnbori'Wou.a he:; .uac idiylo !;lu:" for Of r r l i rbH. 
^ W T J ; - XVII 
Chemiccil fjiiirtrj of pro i .ons ( T ^ f ^ c ' l e ) of Cn-rl l lbL' mid ai.ieai.o-
f l a v o no ho.•:•• i mo i,h y I c Ll-i or ' 
A s s i g n e d Amontoi'l^'-voue hoxa inc t i iy l GGrliri:)!! 
p o s i t i o n s c t k o r 
H - I - S j ; . ^ 2 ( d , d H , J = ^ Hz) i) .29 ( o / i l l ) 
H - I - 6 3 .66 (d,iH,J=--ii Hz) ' 
I I - I I - 6 3 . 5 8 (0,111) 3 . 2 8 ( s . l IT ) 
H - I - 2 » , 2.n'^ ( d , l H , J - 3 Hr.) 2 . 0 6 ( d , H l , J ^ . O I I z ) 
H - r - 5 ^ 2 . 3 8 (d , , lH,J^iJ Hz) 2 . 7 3 (d ,1H,J - -9 W-z.) 
H - I - 6 ' ' 2 . 0 8 ( q , l H , J . =9 Hz} 1.96 ( q , - i n , J . =9 Hs ) 
J2=3 Hz) , J 2 - 3 Hz ) 
i r - I I ~ 2 M I - 6 » 2 . 6 3 ( d , 2 H , J - 9 Hz) 2 . 5 3 ( d , 2 H , J = 0 Hz) 
H - I I - 3 S I I - 5 ' - 3.24- ( d , 2 H , J = 9 Hz) 3 . 1 6 ( d , 2 H , J - 9 Ha) 
H - I - 3 ' , I I - 3 3 . 4 2 , 5 . 4 8 ( s , l H e a c h ) 3 . 4 0 , 3 . 3 4 ' ( G , 1 H c a d i ) 
I - 4 M I - 4 ' ( 6 . 2 4 ) , ( 6 . 2 6 ) ( s , 3 H e a c h ) ( 6 . 2 2 ) , ( 6 . 1 1) ( G , 3H 
e a c h ) 
1 - 5 , 1 1 - 5 ( 6 . 0 7 ) , ( 5 . 9 4 ) ( s , 3 H ( 6 . 0 4 ) , ( 5 . 0 4 ) ( G , 3 H 
Ga.ch) oach ) 
1 - 7 , 1 1 - 7 ( 6 . - 1 7 ) , ( 6 . 1 2 ) ( G , 3 n ( 6 . 1 I J , (G.OO) ( G , 3 I I 
uach) e a c h ) 
CH3- I -6 7 . 8 2 ( G J 3 H ) 
s = s i n g l e t ^ d a d o u b l e t , q-=quarfcct 
S p e c t r u m r u n i n GDCl, a t 100 Mz.TMS a s i n t e r n a l s t a n d a r d - T l O . O O 
F i g u r e s i n parenthese'^G show c h e m i c a l s h i f t r i o l metUoxy proboA'-;. 
12J 
The MIR spectrum of G'GrlllbA (F ig . 6) shows the 
presence of one methoxy, one C-methyl and five acetoxy 
groups• In comparison of Tva lues of aromatic protons 
e spec ia l ly H-II-6 ( T3»00,s ) and H-I~8 ( T5o24 , s ) with 
159 I 
those of tv;o related compounds' •, l-7-O-methylamentoflavonc 
pentaacetate. (IIIB) (T3.01,s and T3.22d) and II-7-0-
I 
methyl amentoflavone pentaaceta te ( I I IC) (T3»22 and T^.TStd), 
CGrlllbA was found to be mo-re isimilar to the compound (IIIB) 
suggesting that I-6-c;-methyl-I-7-0-methylamentoflavone 
(iTa) was preferable s t ruc tu re for OGrlllb (Table XVIII). 
TABLE ~ XYIII 
Ohemical s h i f t s of protons ( T s c a l e ) of GGrlllbA,1-7-0-
methylamentoflavone pentaacetate ( I I IB) and II-7-O-methyl 
amentoflavone pentaacetate (IIIC) 
Assignment CGrlllbA^ IIIB ' IIIO 
H-I-2» 1.94 (d,1H,J=3 Hz) 1.96 (d,1H,J=3 Hz) 1.99 (d,1fr, 
J=3 Hz) 
H-I -6 ' 2.06 (q , lH,J . =9 Hz) 2.08 (q,,1H,J. =9 Hz)1,99 (q , lH, 
j ' =3 Hz j ' =3 HZ, J. =9 Hz) 
J2=2.5 HZ 
H - I I - 2 S l I - 6 » 2 . 4 9 (d,2H,J=9 Hz) 2.50 Cd,2H,J=6 Hz) 2.48 (d,2H, 
J^e Hz) 
H-I-5»^ 2.56 (d,1H,J=9 Hz) 2.52 (d,1H,J=9 Hz) 2.51 (d,1H, 
J=9 Hz) 
H - I I - 3 M I ~ 5 ' 2 . 9 7 (d,2H,J=9 Hz) 2.98 (d,2H,J=e Hz) 2.95 (d,2H, 
J=9 Hz) 
H-II~6 3.00 (s , lH) 3.01 (s,1H) ' 3.25 (s,1H) 
H-I-8 3.24 (s,1H) 3.22 (d,1H) 2.75 (d , lH, 
J=3 Hz) 




2 3 4 S 6 to 
kJM 
^ 
I 1 1 1 I I I 
10 9 8 7 6 S 
PPM(8) 
J I I L L. 
4 3 2 1 0 
FIG 6 
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AsGignment GG-rlllM IIIB IIIG 
CH^-r-e 7.91 (s,^H) 
H-I-6 — :).41 (d,IH,J=3 Ha) :5,i6 (d,ill, 
J-:* IT::) 
1-4',11-4^ 7.S)5,7.73 7.Q6,7.74 7.62,7.GO 
(s,3H each) {Q$M each) (2,:)H each) 
I~5 , I I -5 7.51,7.51 7.52,7.56 7.44,7.50 
(s,3H each) (s,3H each) (s,3H each) 
1-7 (6.13)(s,3H) ( 6 . 1 6 ) ( G , 3 H ) 7.95 (s ,3n) 
I I - 7 7.91 (3,3H) 7.92 (s,3H) (6.09) (s,3Tr) 
s=c inc l e t , d=doublGt, q^quartct 
Spectrum run in ODGl^  a t 100 IIHz, TllS as i n t e r n a l 
standard= TlO.OO 
Figures in parentheses show chemical s h i f t s of methoxy pro tons . 
The s t ruc tu re (IVa) for GGrlllb y;as fur ther confirmed 
by comparing FI/E. s p e c t r a l data of CGrlirbA and GGrlirbM with those 
of I-6-G-mcthyl-l-7-0-methylaraentoflavonc pontaacetate (I7c) and 
r-6-C-methyl-I-7-0-mGthylamenLof lavone hexamc Lliylether (lYb), 
which v/ere found qui te i d e n t i c a l with those of authent ic saiaploc 
(Table XIX). 
CGrlllb was thus assignod the s t r uc tu r e I-^6-G-mc thy l -
I-4»•,^-5,II-5,II-7-pGntahyclroxy-I-7-0-mcthyl ^ I - 3 M I - 8 j 7 b i f 1 urono 
•(IVa) • which c o n s t i t u t e s the second repor t of i s o l a t i o n and charao-
t e r i z a t i o n of n a t u r a l l y occurring G-methyl b i f lavones . 
12i> 
( lY) OR^ 0 
(a ) R2= R j ^ R^=R5= Rg= H 
R^ -= On-T f R — GH-T 
(b) R2= R j ^ R^= R5= Rg= CH3 
R^  = OH, , R= CH, 
(c ) R2= R3= R^= R5= Rg= OAc 
R^ = CH5, R = GH5 ' 
OR- 0 
( I I I ) 
(A) R.J * ^ 2 ~ ^ 3 ~ ^ 4 ~ ^ 5 ~ ^ 6 ~ ^•'^ 3 
(B> R2= R3= R^= R5= R6= OAc, R^ = OH^ 
(G) R^= K^= R^= R^^ Rg= OAc, R^z. GH^ 
IZ^ 
TABLE - X I X 
Chemical s h i f t s of p ro tons ( Y s c a l e ) of I-6-C-ff iethyl3equoiaflavone 
p e n t a a c e t a t e , GGrl l lbA, I -G-G-methyIsequoiaf lavone hexamethyl e t h e r 
and OGrl l lbK 
Ass igned 
p o s i t i o n s 
ff-r~2» 
K-IT6*- , 
H - I I - 2 » , 
I I - 6 » 
H- I -5 * 
I I - 5 r 
H - I I - 6 
H - I - a 
I I - 3 
3 
r--4» 




I I - 7 
1-6-0-methyl 
sequo i a f l avone 











7 .75 1 
7.51 ( 
7.51 ( 
(6 .15 , 
7.91 





: s , iH) 











2 .06 ( 
2 .52 ( 
2.56 ( 
2 .98 ( 
3.00 ( 
3.24 ( 






(6 .12 , 
7.91 
d,lH) 




. s , lH) 
: s , iH) 




[ s , 3H) 
is ,3H) 




sequo i a f lavon« 
hexamcthyl 
e t h e r 
2.06 ( 
1.96 ( 
2 .53 ( 
2 .73 ( 
3.16 ( 
3 .23 ( 
3.29 ( 
3.40 1 
• 3.34 ( 




(5 .84 : 
( 6 . 1 1 , 






. s , lH) 
: s , lH) 
: s , i H ) , 
; s , lH) 
:s,3H) 
1 
( s ,3H) 
)(o,3H) 
)(9i3ir) 
l ( s ,3H) 
) ( s ,3H) 



















:d , lH) 
:q , iH) 
^d,2H) 
:d , lH) 
[d,2H) 
: s , l H ) 
[S,1H) 
( s , l H ) 








s=Binglf i t , d=douhle t , q=quar t e t 
S p e c t r a rxm in ODCl, a t 100 Wlz-flim as i n t e r n a l s t a n d a r d '^•TlO.OO 
F i g u r e s i n p a r e n t h e s e s show chemica l s h i f t s of mathoxy protoix-s. 
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OGrIT 
GGrlV a f t e r i t s complete m c t h y l a t i o n , when compared 
wi th a u t h e n t i c sample of a p i g e n i n t r i m e t h y l e t h e r (TLG R^ va lue ; 
and f luo reocence in TJV li(j;ht) , vvao found to bo t r i i . i e thy le t h e r 
of a p i g e n i n (XXX). The WMR. va lues of CGrlVAoetate (GGrlVA) a rc 
r e c o r d e d i n Table XX» 
TABTJE - XX 
Ghemical s h i f t s of p ro tons ( Y s c a l e ) of GGrlTA 
S i g n a l s Fo . of p ro tons JIIz Assii^nment 
3.42 ( s ) 1 
3*18 (d) 1 3 
2 .8 (d) 1 3 
2 ,76 (d) 2 9 
2 .14 (d) 2 9 
7 .68 ( s ) 3 
7 .68 ( s ) 3 
7.61 ( s ) 5 
s = s i n g l e t , d=doublet 
Spectrum r u n i n GDGl, a t 100 ffiiz, TIiE as 
i n t e r n a l s t a n d a r d = TlO.O 
CGrIT v;as, t h e r e f o r e , asn igned t h e s t r u c t u r e 
5,7r4*-trihydro:ycy f lavone ( a p i g e n i n ) by ITTvTR s t u d i e s of 









• , 5 » 






TLC examinat ion of GGrV and i t s methyl e t h e r i n d i c a t e d 
i t t o be di-O-me thy l amentof lavone . Tlic OT-1R spect rum of GGrV 
a c e t a t e (GGrVA) m.p. 257-59° , showed two methoxy groups and 
four aoetoxy g roups . 
The NliR va lues of GGrVA and Ginkt^etin t e t r a - a c e l-^to 
have been l i c t e d in Table XXI. 
I'ABLE - XXI 
Ghenical s h i f t s of p r o t o n s of CGrYA and Gi i ikcct in toLr^'-
a c e t a t e 
Assignment GGrVA Ginkgo I in Le Lra-ace t,at,e (IVdb-acet.Ue) 
H - I - 2 ' 
H - I - 6 ' 
H - I I - 2 » , I I - 6 » 
H-I-5» 
H - I I ~ 3 ' , l l - 3 » 
H - I I - 6 
H - I - 8 
H- I -6 
H - I - 3 
H - I I - 3 
0 Ac-1-5 
-11-5 
- I I - 7 
- I I - 4 ' 
OMe-I-7 
-1-4» 
2.05 ( d , l H , J ^ . 5 Hz) 
2 .13 ( q , 1 H , J . =8 Hz, 
J2=2.5 Ha) 
2.44 (d ,2H,J=6 Hz) 
2.82 (d ,1H,J=6 Hz) 
2.94 (d ,2H,J=8 Hz) 
3.14 ( s ,1H) 
3.43 (d ,1H,J=2 .5 Hz) 
3.45 (d ,1H, J=2 .5 Hz) 
3.20 (s ,1H) 
3.19 (S,1H) 
7.52 (s ,3H) 
7.60 (s ,3H) 
7.78 (s ,3H) 
7.79 (s ,3H) 
6.21 
6.24 
( s ,3H) 
(s ,3H) 
2.01 ( d , i n , J - 2 . 5 Hz) 
2 .13 ( q , 1 H , J . =OHz, 
J2=2.5 Hz) 
2.48 (d ,2H,J=6 Hz) 
2.82 (d ,1H,J=8 Hz) 
2.92 (d ,2H,J=6 Hz) 
3.18 (3 , in) 
3.43 ( d , I H , J = 2 . 5 Hz) 
3.46 (d ,1H, J=2 .5 Hz) 
3.20 ( s , i n ) 
3.22 (s ,1H) 
7.55 (s ,3H) 
7.60 ( s , 3 n ) 
7.77 (G,3n) 
7.79 (3,3H) 
6.21 (s ,3H) 
6.25 (s ,3H) 
s s ^ i n g l e t , d=double t , q^^iuar te t , 
S p e c t r a r u n in CDOl^ a t 100 LHz and TMS ao i n t e r n a l standard^"ThUO 
The NlCl spect rum of CGrVA was found i d e n t i c a l v/ith 
IZ^ 
tha t of Ginkgetin t e t raace t .u te . 
UGrV v/as, the re fo re , a3Gi{;nod the otruoturc 1-5,11-5, 
II-4- • , I I -7 - te t rahydroxy- I -4 •»I-7-di-O-methyl £" I-':?', Il-Sj 
biflavone ( I l l d ) * 
GGrGII [•" a] 
CGrGII was hydroly.'icd in preoencc of d i l . HGl (.10'/). 
Aglycone and sugar were chroma to graphed v/ith a u t h e n t i c samples , 
The sugar was i d e n t i f i e d ac rh'imroao by p-ipcr chromotogr iphy. ?hc 
ag lycone , m.p, 182-185° was ident ic<i l i n a l l renp"Cin r / i th 
q u e r c e t i n , The structuT^e of GGrGII v/ao f i n a l l y con firmed ac? 
querGet in-5- rhamnos ide by comparing p h y s i c a l dafc .^ of the pa3.-ont 
(CGrGll) and i t s methyl o t h e r wi th those of iu thc i i t ic npecinien,':; ol 
q u e r c e t r i n . 
13 
(Lxxr) fl '^ rh;nmo3.yl 
I s o l a t i o n of quercotiii-'^-rch'-Miaoniae fi-oin O^* Ci ' l lT i th l i 
const i tutes the f i r s t excunplc of ii:.n ocourronco in the family 
oephalotaxaceae• 
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FLAVATTOIT) CONSTITUl^HTS OV VIBURNUM GORLVJEUM 
G a p r i f o l i a G e a e i c a f a m i l y of <xbout 18 ,'_,Gnora .,n<l 
275 s p e c i c G , p r i m a r i l y of t h o n o r t h e r n hern inpherc and 
p a r t i c u l e . r l y i n e a s t e r n A s i a -ind u a c t ^ r n ITorLh ^^-Jr lc . . 
Yiburnuin» t h o cecond l a r c e c t ^ e n u s of t h e f a m i l y i n c l u d e n 
120 s p e c i e s . 
A number of c p e c i e s of ^ c n u s ^Vibui'num' v/erc c h c i . i c v . l l y 
examined f o r theix* f l a v a n o i d c o n o t i t u e n t s and a m e n t o f l a v o n a 
was found t o be t h e s o l e b i f l a v o n c i n genus v i b u r n u m . The 
p r e s e n t d i s c u s s i o n d e a l s w i t h t h e s t u d y of comvlex m i x t u r e 
o f f l a v a n o i d s i n t h e l e a f e>c t rac to of Tiburnum c o r i a c G u m , 
The p l a n t m a t e r i a l was p r o c u r e d from t h e Government 
Ga rden S i m l a , I n d i a , The p h e n o l i c e x t r a c t i v e s of t h e c o a r n e l y 
powdered l e a v e s were c o m p l e t e l y e x h a u s t e d v / i th p c t r o l e u r a 
e t h e r ( 4 0 - 6 0 ° ) . The combined e x t r a c t s were c o n c e n t r a t e d 
f i r s t a t n t m o s p h e r i c p r e s r - u r e nnd t h e n u n d e r r e d u c e d p r c n . ^ u r c , 
w h e r e b y a n o i l y g r e e n r e s i d u e l o f t b e h i n d , ohdwed no f l a v a -
n o i d i c c o l o u r t e s t s and was r u j e c t e d . 
The p e t r o l t r e a t e d l e a v e s were c o u p l e t u l y d r i e d and 
e x h a u s t e d w i t h b o i l i n g ; a c e t o n e . The a c e t o n e e : t t r a c t a f t e r 
p r e l i m i n a r y p u r i f i c a t i o n by s o l v e n t t r e a t m e n t and coluirm 
c h r o m a t o g r a p h y was examined by TLO on s i l i c a g e l (BPF, 3 6 : 9 : 5 ) 
w h i c h r e v e a l e d t h e prcooncie of t \ ;o iiiajor b a n d s l a b e l l e d a s 
v a i and y e n i n o r d e r of i n c r e a u i n ^ ; R- v a l u e s . These two 
13^ 
bands were separated by preparat ive TIG (BPP, 56:9:5) and 
eluted by acetone mixed with pyi-idine (25^). 
1-4 • , II-4 M - 5 , II-5 ,1-7 , II-7-Hexahydroxy/T:-3' , 13-8^7 
biflavone (YGI) 
TLG examination of VGI and i t s methyl e ther indicalod 
i t to be hexa-0-methyl amentoflavone. 
The mass spectrum of hexamethyl e ther (7GIM) showed a 
base peak a t m/e 622 (M**" ) . The other s ign i f i can t peak v/ar> 
a t m/e 511, i n d i c t i n g that each fl-'ivanoid uni t had three 
methoxy groups. 
An authent ic example of amentoflavone liexamethyl e ther 
vias found to ^ive mM. i den t ioa l v;ith VGIM in a l l respec ts 
(Table XXII). The IR,UV and raass spec t ra were a lso i d e n t i c a l . 
VGI OJi a c e t y l a t i o n with pyridine and ace t i c anhydride gave 
ace ta te m.p, 242-4-5°. The NliR spectrum of VGIA wao also found 
iden t ioa l with that of amentaflavone hcxuacetate (Table XXIII) 
VGI was, the re fore , anr.ii^ned the s t ruc tu re 1 -4 ' , 11 -4 ' , 




TABLE - XXII 


















































































s =3 i n g l e t , d=doublet, q=quartet 
spectrum run in CDC1-, a t 100 M z . TVB as i n t e r n a l 
standard =Tl0,00 
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Chemical Ghirt;t; of protonn of TOIA and .•-itnontoflavonc 






H - r - 2 f 
H - I - 5 * 
ff-.II-2SII-6' 
H - I I - 5 M I - 5 * 
H - I - 5 
H - I I - 3 
O A c - r - 4 M I - 4 » 
O A c - I - 7 » I I - 7 
0 A c - 1 - 5 , I 1 - 5 
2 . 7 4 
J . 1 6 
2.'J'J 
2 . 0 2 
1 .97 
2 . 5 2 
2 .51 
2 . 9 4 
3 . 3 2 
5 . 3 5 
7 . 7 2 , 
7 .95 , 
7 .55 , 
VGIA 
( d , i n , J = 3 Hz) 
( d , 1II,J=3 Hz) 
(S ,1H) 
( c i , n i , J . =a Hz) 
J 2 - 0 Ilz) 
( d , l H , J = 5 Hz) 
(d,1H,J=-9 Hz) 
( d , 2 H , J = 9 Hz) 
( d , 2 H , J - 9 Hz) 




J . 5 9 ( B , 6 H ) 
/ imontof l a v o n e 
hex 
2 . 7 5 
3 . 1 3 
2 . 9 7 
1 . 9 J 
1.94 
2 . 4 8 
2 . 5 0 
2 . 9 2 
3 . 3 0 
3 . 3 2 
7 . 6 7 , 
7 . 8 9 , 
7 . 5 0 , 
a a c e t a t e 
( d , 1 H , J - 3 Hz) 
(d ,nr , j=-3 Hz) 
(o,1H) 
( r i , i n , J . =6 Hz 
J2=3 Hz 
(d , in ,J=5 Ha) 
( d , 1 H , J = 9 Hz) 
( d , 2 H , J = 9 Hz) 
( d , 2 H , J = 9 Hz) 
( s , 1 H ) 
( s , 1 H ) 
7 . 7 2 ( s , 6 H ) 
7.93 (s,6H) 
7.59 (s^SH) 
s = s i n g l e t , d=doublet, q=quartet 




The raethyl'j t i on product VCIIM ol' VGII whcii comparerl 
wi th an a u t h e n t i c sample of tjpi/;cnin t r i r a e t h y l o t h e r on TLG 
(R„ va luec and f luorcnccnce in UV . l i ^ h t ) , wao found i d e n t i c a l 
with the l a t t e r ^ VGII wac ch..r ic Lcri^ed .XG ^pigc i l in (XXX) 
by NIDI ctudiea of i t o a c e t a t e • 
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CONSTITUENTS OF TAMARIX DIOIG.^  ROXB. (Tarnaricaceae) 
Tamarix cIioic£i Roxb, (Tarnaricaceae) i s a Ghrub, 
d i s t r i b u t e d throughout N. I n d i a , upto 2,500 f t . i n the Outer 
Himalayan v a l l e y s ^ Sind , Bombay, Bengal , ^ssam and S a n t a l 
P a r g a n a s , common along t h e Ganges, Hooghly and forms e x t e n s i v e 
f o r e s t s a long the Indus i n S ind , Also i s found a long the sea 
coas t* Mt» Abu, i n sandy r i v e r beds and on the sea coas t 
of t he Tamil Nadu S t a t e . I t in a u s e f u l med ic ina l p l a n t of 
I n d i a » ' • r t s g a l l s and twigs a r e used as an astrin<> 
The p r e s e n t d i s c u s s i o n d e a l s wi th the i s o l a t i o n and c h a r a c -
t e r i z a t i o n of t i"ans-2-hydroxy,4-methoxy cinamic a c i d (LXXIII) 
and r so rhamnet in (IXXV) from l e a f e x t r a c t s of t h e p l a n t . The 
i s o l a t i o n of t r ans -2 -hydroxy-4-methoxy c i n u a n i c a c i d O.D a f ree 
ag lycone , i s be ing r e p o r t e d for the f i r s t t ime from a p l a n t 
source* 
Fresh l eaves (3 kg) of T, d i o i c a Roxb. p rocu red from 
t h e bank of r i v e r Khannaut , Shahjahanpur ^ I n d i a ) , v;ere 
e x t r a c t e d wi th hot ace tone for 10 h r s . The ace tone e x t r a c t 
was c o n c e n t r a t e d under d imin ished p r e s s u r e and t h e r e s i d u e 
was t r e a t e d s u c c e s s i v e l y wi th p e t . e t h e r ( 6 0 - 8 0 ° ) , benzene , 
ch loroform and e t h y l c-icctate. The e t h y l a c e t a t e f r a c t i o n 
was t r e a t e d wi th hot w a t e r . The .water i n s o l u b l e ipor t ion was 
d i s s o l v e d i n e t h a n o l and d r i e d under reduced p r e s s u r e t o 
g ive a dark brown s o l i d mass . After s u c c e s s i v e p u r i f i c a t i o n 
13/ 
w;U;h di r forunl , soIvoni;n, the e t h y l acctaLo Tr-iOtion vmc 
concentj-'aied to dryno-;:) to ('jivc a lit^ho i)rov;n y o l i d nacru 
Tlie TLG examinat ion (,BPE : ; 6 : 9 : 5 ) ' r evea l ed the prcoenoe of 
two major bando l a b e l l e d ao TT)I and TDII in o r d e r of inci^oa.r^in/j 
R^ values» The tv.'o bands were cepaxalod l\y propo,rcitive 
TLC (BPF, 36 :9 :5 ) and e l u t e d "by acobone mixed wi th i:)3rridir)o 
( 2 ^ ) . 
TBI was a nonf lavanoid as r e v e a l e d by ne^j^tive co lou r 
t e s t s wi th Blg/Hcl, Zn /Ec l , sodium aMalgaa/H':;l. UV spectrum 
i n e t h a n o l showed only one shari) pevlc a t 525 nni i n d i c a t i v e 
of the p resence of cinnaraoyl group , I t s mass slpectrum 
(M"*" 256) and NI/IR spectrum of i t s a c e t a t e sugges ted two p o s s i b l e 
f o r m u l a t i o n s , v i z . 2-hydroxy-4-nietho:cy cinnamic a c i d (LXXIIa) 





The s t r u c t u r e (LXXIIa) was f i n a l l y s e t t l e d hy p o s i t i v e 
Gibb»s t e s t ^ ' , modified Cribb»s t e s t ^^ -^nd i t s IR spectrum 
which r3hy'.vod bands a t 1660 (dO) and 3j)40 cm (H-bonded Oil). 
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The KEIR speotriiin ( P I G . 7 , J"= 17Hz) conl i r raed i t t o be t r ans 




TABLE - XXIV 
Chemical s h i f t G ol" p ro tons ( TS'cale) of THIA (LXXIT) 
( s o l v e n t CDCl^^ J va lues i n Hz, TMS as i n t e r n a l s t a n d a r d ) 
S i g n a l s Fo . of p r o t o n s J Hz Assignment 
3.10 (d) 
2.60 (d ,d ) 
2.70 (d) 
3.60 (d) 
2 .22 (d) 
7.65 ( s ) 
















C - C - C O O H 




i i ' l ^ I r < » ^ ^ 
-f-U -
FIG 7 
TDII />ave the uutM.l f.'Livano Id c o l o u r Le:rL •.'•'itii llc/<^ol. The 
c L r u c t u r i i o£ TDII v, i.:; c-^n^'i.rMCd ,i,r; inorh/Tiuie Liu (LXXV) by 
d i r e c t conp- ' r iGon of Tirai d ' . t L cf Hr ' i co ' . ' . t c v-ith t h a t of 




T.iBLE ~ XXV 
Ohemical s h i f t s of protono C7"Scu.le) o f TDIIA 
13i) 







7 .68,7 .65, 
7-56 
,7, .58, 



















s =5 i n g l e t , d=double t , q--i:iuartct 
spec trum run i n GDC1-. a t 100 HHZjIIrlS 
a s i n t e r n a l s t a n d a r d ^ "flo.O 
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BIFLAVOFE FROM OCIIN.. .ATROPiniPUILilA Dg_._ (OOIiNaQj^ AE) 
The family Ocliiiacc-ic coiiaiulr; of 17 ;;cncra ."nd 
210 speciG,3 . The mcnibcrr, of the I'arnily a rc laoj'tly t roo: ; , 
shrubs and under shrub i;. In Ind ia Lhey a rc v/idJly d i o b r i b u t c d 
i n Assam, \ves tern P e n i n s u l a , base ol the IlinviLyo-G—Crom 
Kumaon to Sikl-cim, 
The l e a v e s o£ the i J l m t s of t h i s faiaLliy a r c ur^;d 
i n emo l l i en t ca t ap lasm and b.irk ar, dif;cr, Live ton ic . The 
r o o t i s used as a n t i d o t e to s n a k e - b i t e , deooc t ioh i s g iven 
i n mens t rua l compla in t s and asthma ^ , 
P roan thocyan id in was r e p o r t e d as the s o l e b i l lavf rnoid 
c o n s t i t u e n t from Ouratca s p e c i e s o l Ochna p l a n t s ^ - ^ . La te r 
on Rahman e t a l» r e p o r t e d the i s o l a t i o n and c h c i r a c t e r i a a t i o n 
of a nev/ G-O-C l i n k e d h i f l a v o n e s e r i e s — t h e Oohnaflavone e e r i e ; 
from l e a f e x t r a c t s of Ochna s q u a r r o s a l i n n ^ , 
The p r e s e n t d i s c u s s i o n dea l s w i th chemica l i n v e s t i g a -
t i o n and the s tudy of b i f l a v a n o i d c o n s t i t u e n t s i n the l e a f 
e x t r a c t s of Ochna a t r o p u r p u r i a DC. Only Oohnaflavone couJd 
be i s o l a t e d in q u a n t i t a t i v e form (600 mg) which on d i a s o -
m e t h y l a t i o n y i e l d e d two p t i r t i a l methyl e t h e r s (mono-0-mothyl 
Oohnaflavone and d i - 0 - m e t h y l o c h n a f l a v o n e ) . The s t r u c t u r e s 
were e l u c i d a t e d by WfR, 
Presh l e a v e s (2 k(^) of Ochna a t r o p u r p u r e a procured 
from lucknow U n i v e r s i t y were e x t r a c t e d wi th hot alcotone for 
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10 h r s . The combined ;'Cclonc ejM,r;'-[,,; ;i£l(;v iiucccs.sive 
treatmenl; wi th d i r r c rcuL solvcMik:; -JCVL i; kcu in G thyliicc b a t e . 
The e thy l ace t;itu fr ' jcl . ion \,'an puriTiecl on a n i l i c a ge l 
column, u s ing d i f fc renL s o l v c n t a . The ot'nylacic Uibe i'r;i.c(;ion 
of the column on TIC exainin.'ition (BPF, 3^:0:5) r evea l cn t h e 
presence of on ly one h-'jid l a b e l l e d as OAI, The r r . -co ion wun 
concenti-atcd and p r e c i p i t a t e d \ii'ch pc u. othoj; ( 4 0 - 6 0 ° ) , t o 
g ive f ine yel low s o l i d uiasa ( 630 mg) which waa crys ta . l l i^ ied 
from methanol t a give yellow crycfcalo (';iOO rug) m»p» 2j:)^-2:J3°. 
OAI was charactcx- ized as pentahydro::y Ochnafl:i.vonG 
Ochnaflavone (XXVIa) by comparicon of p h y s i c a l da ta of i tB 
a c e t a t e and methyl e t h e r wi th those of a u t h e n t i c namplcs 
( m . p , , m,m,p) f l u o r e s c e n c e i n UT li,'-;ht and FM d a t a , 
(Table XTVI ^ F i g . 0 & F i g . 9 ) . 
TABLE - XXVI 
Chemical shifts of protons (^Scale) of OABf, Ochnaflavone 
pentamethylether, OAIA and Ochnaflavone pentaacetate 























(d , lH) 
(d . lH) 
2.40 (d,lH) 2.42, (d,1H) 2.42 (d,1H) 
2.89 (d,lH) 2.62 (d,1H ) 2.65 (u.lH) 
2.28 (q,lH) 2.29 (q.lH) 2.29 (q,in) 
2.19 (d,2H) 2.12 (d,2H) 2.14 (d,2H) 
2.99 (d,2II) 2.86 (d,2H) 2.87(d,2H ) 
3.49 (d,1H) 2.68 (d,1H) 2.68 (d,1Il) 




Assienmcnts OAIM OGlinu,riavone 
pentamothyl 
o the r 
OAIA Ochnaflavono 




ir -II -3 
OGH2-I-4', 
1 -7 , 




r i - 7 , r » 5 , i i . 5 
:5.60 (a,1H) 3.66 (d, lH) 
3.60 (d, lH) 3.66 (d, lH) 
3.45 (3,1H) 
3.42 (3,111) 
6 . t 2 » 6 . 1 ? , 
6 .12 
6 , 0 8 , 6 , 0 3 
( D , 3 H ) each 
3.45 ( s J H ) 
3.41 ( s , l H ) 
6 , 1 2 , 6 , 1 2 , 
G.A2,6.03 
6.00 (3,311 each) 
3,20 (d,1ir) 3.17 (d,1I0 
3.16 (d,1Il) 5.16 (d,1H) 
3.39 (s ,1H) 3.38 (D, in) 
•jAy (0,111) 3.43 ( c , i n ) 
7 . 8 0 , 7 , 6 8 , 
7 , 6 4 . 
7 , 8 0 , 7 , 6 8 , 
7 . 6 5 . 
7 . 5 6 , 7 . 5 4 7 . 5 8 , 7 . 5 6 
(o,3ir e.ich) ( s , 3 n each) 
s=Bingle t , . d=double t , q=qua r t e t 
S p e c t r a r u n in CIXJl-, a t 100 lUz 
IMS as i n t e r n a l s t a n d a r d =Y"lO»'~ '^^  
Ochnaflavone t h u s i s o l a t e d was sub j ec t ed to diazome-
t h y l a t i o n w i th diasomethane which r e s u l t e d in the fo rmat ion 
of two p a r t i a l methyl o t h e r s of Ochnaflavone (OAI 'and OAII 
i n order of i n c r e a s i n g R„ v a l u e s ) . These two raethyl e t h e r s 
a f t e r p u r i f i c a t i o n "by column chromatography were s e p a r a t e d 
by PLC-and c h a r a c t e r i z e d as I - 4* -0 -mc thy l , and 1-4 ' , I-7~Di-0-
methyl ochnaflavone (XXVIb and A X V I G ) , r e s p e c t i v e l y by 
e l emen ta l a n a l y s i s and oomparison of m . p . , m.mp, TLG,UV,IR 
and NMit of t h e i r a c e t a t e s with those of a u t h e n t i c samples 
(Table XX7II and XX7IIT j F i g . 10 & Fig 11) 
PPM(Y) 
rt I 2 3 4 5 6 7 8 












1 — 1 — f c - * 







Ti\Tii;.3 ~ XXVII 
Chemical s l i i l ' t c of p ro tonc ( T S c a l e ) of OAIIA and I ~ 4 ' - 0 - m e t h y l 



















































7.67,7 • 57, 
(s,3H each) 































3=sin{3let,. d=doul)leb, q=qua r t e t 
Spectrum run i n GDOl^ a t 100 M z 
TMS as i n t e r n a l s t anda rd = T l 0 . 0 
TABLE - XXVIIT 
Chemical s h i f t s of p r o t o n s ( T S c a l c ) of OAIIIA and 1-4* , I -7-I>i-





H ~ I I - 2 M I - 6 ' 
OAIIIA 
2.40 (d,1H) 
2 .38 (d,1H) 
2.24 (q , lH) 
2.24 (d,2H) 
1 - 4 ' , I - 7 - D i - O - m e t h y l 
Ochnaflavone t r i a c e t a t e 
2.39 (d,1H) 
2 .88 ( d , i n ) 








H - I I - 6 
0GH^rI-4« 
OGE^-I-T 
Oi l c - I -5 , 























1-4' , I~7--"DI-0-racthyl 
0chriallavolie t r i a c e t u l ' . 
2.99 (d,2H) 
3.51 (s ,1H) 
3.43 (s ,1H) 
3.42 (d,1H) 
3.18 (d,1H) 
6.12 (s ,3H) 
6.12 (s ,3H) 
7.66 (s ,3H) 
7.57 ( s , 3 n ) 
7.57 (s ,3H) 
1 
s = s i n g l e t , d - d o u b l e t , q ^ q u a r t e t 
Spectrum r u n In ODOl, a t 100 IvlHa,TI/IS uz 




( a ) R^ 
- Rp = Rv = R, = R^ = H 
= R, 
( c ) R =. R^ 
^1 
= R3 = R 4 = H 
R5 = GH3 
- R4 = H 
= GH^, R^ = OH^ 
( d ) R^ = R, = R = R =11 
Ro = OH., 
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A Few Ser ies of Biflavrinoneo from Leaf E:ctractg_ of Oclina 
pumlla Eani» (OGhnacoaG) t 
Ochna pumila, commonly laiov/n as Qh.ampabo.ha, i s a 
hands&me underchrub with a wood root-stoclc, oblanceolate 
leaves and la rger yellow f lowers . In India i t i s found in 
RohiUdiand and IT. Oudh region, p a r t i c u l a r l y in Sal f o r e o t s , 
where i t has become permanently du-arfed by the ac t ion of 
pe r iod i ca l jungle f i r e s . The pe renn ia l underground stem throws 
up annually a number of subhcrbaceous stems, about 2 feet 
high which.bear leaves and flowers during the hot weather. 
I t i s widely d i s t r ibu ted in the base of Himalayas .from Kumaon 
to S'ikkim, a lso in Pegu, in S. Konlcan and on the Satpura 
range -^  . 
I t i s a useful medicinal p lant of India ^ • '^^ , Roof 
af the plant i s used as a n t l d j t e to snake b i t e ; i t s decoction 
i s given in menstrual compli'.ints, a l so for consumption and 
asthma. I t i s also repor ted to be used in curing, epi lepsy 
by Mundas* The leaves arc said to be used as ' p o u l t i c e ' in 
1 S1 
lumbago and ulcers -^  • 
Ochnaflavo^ne, its mono and dimethyl others were i-cporl"-
ed from the leaves of Ochna squarrosa Linn, and only Ochna-
1 ')'1 flavone was isolated from len,ves of Ochna atropurpurea Dc, -^'' 
Ochnaflavone thus appenred to be the characteristic biflavoue 
14/ 
of genuo Ochna Gcrvijig as a u s e f u l taxonomic marker . To 
a c r u t i n i s e .Curbher the ;C<.cl" mentioned alDove, one more opeciCG 
of the ijenuo, Ochna pumila wac choii i ical ly examined for i t 3 
I j i f l avanoid c o n s t i b u e n t o . The p r e s e n t diGCUssJon dea l s with 
the i s o l a t i o n and c h a r a c t e r i s a t i o n of two new h i f l a v a n o i d G , 
v i z . I I -7-O-mebhyl ochnafiavone (LXXVI) and I I -7 -O-muthy l 
t e t rahydroamcntof lavono (LZXYII) alon,^ wi th ochnaflavone 
(XXVr) and tetrahydroamcntoflavone (XIII) from the l e a f e x t r a c t s 
1 Rb of ochna puraila, The icolafcion of tct i :ahydroamen.toflavone "^  
ajid II -7-0~methyl tetrahydroamenfcoflavone from 0 , puiai la 
c o n s t i t u t e s the f i r s t r eporb of t h e i r occur rence as a new 
s e r i e s of hif lavanones» 
1 ' 
Completely dried leaves (5 J:^ )^ of ochna pumila were 
procured from the Sal forests of Bhilcampur (IT.P) India, The 
acetone extract of the leaves vvas purified by the solvent 
fractionation and column chromatography (silica gel) to give 
a hiflavanoid mixture which was separated hy preparative 
layer chromotography into four fractions labelled as OPI» 
OPII> OPIII and OPrv in order of increasing R^ values. 
Homogeneity of the components was checked by qualitative 
ri»C iising different solvent systems, ^ ach component responded 
to the usual flavanoid colour reactions. 
DPI 
OPI, on racthylation'followed by TLO examination wao 
148 
fosund to be pentamethyl e Llier oX ochnaiMavone. It was 
confirmed as 1-5 r II-5f 1-7» tI-7, 1-4'-pentahydroxy 
/7 1-3'"-0-II-4'_7 blflavone (OohnafXavone) by comparing 
physical data of itn acetate and methyl ether derivativcr; 
with thooe of authentic samples (m«po, mom,p., CoTLC, UV, 
IR-, mass and JTMR-daba). 
opiir 
TLC examination of OPIII and its methyl ether indicat-
ed it to be pentamethyl ether of ochnaflavone. 
The UY spectrum, /) max, (ethnol); 271.5 and 332 nm 
(log ^-4»24 and 4.42) of OPIII was riimilar to that of api-
genin but intensity of absorption band was appro2:imatoly 
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double to that of apigenin , This demonstrated the pre-
sence of two isolated "flavanoid chromophoreo per molecule 
in OPIII, thus indicating the biflavanoid structure. The 
said structure is further supported by the molecular weight 
of OPIII pentamethyl ether (M"*'608). 
IR spectrum of OPIII showed strong absorption bands 
—1 - 1 
a t 2950 cm (oH-hydrogen bonded) and 1655 cm (00) . The 
former being c h a r a c t e r i s t i c of 5-hydrox,y f^ ;roup chel;xted with 
carbonyl group. The sh i f t of carbonyl frequency to 1648 cm~ 
on a c e t y l a t i o n and 1640 cm on methylat ion fur ther supported 
the presence of chelated carbonyl funct ion . 
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The NMR Gpcctrum of OPIII>i ( ace ta te ) chov/ed the 
presence of one methoxy and 4 acctoxy groups ( f ig 12) a lanc 
with i\BX system /f T2.30 (q, H-I-6«) ; ^ 2 . 6 6 (d, H - I - 5 ' ) ; 
and T2.4O (d, H-r--2')_7 asGOCiatcd with r ing I-B and i\2B2 
sys t em/7 Y'S. 10 (d, I I - I I -2» ,6 ' ) n.nd ^2.84 (d, Il~Il-3 *, 5') J 
associa ted with r ing I I - B . (Table XXIX), Thus I-B and II~B 
r ings of the hiflavone seemed to be involved in infcei^fla-
vanoid l inkage . The r e l a t i v e upfield Vciluec of H-I-2* and 
H-I-6* both in OPIlHd and OPIIIA as compared to those of 
amentoflavone der iva t ives (Table XXX) for the same protons 
indicated the presence of an oxygen bridge in OPIII , 
B (E-I-5*) proton a t T 2 . 6 6 for r ing I-B in OPIIlA (ace ta te ) 
sh i f ted downfield as compared to the penta~o-methyl ochna-
flavone (Table XXIX, T2«,89), thus confirming the presence 
of 4'*-0Ac in r ing r-B» Since C-4' of r ing IIB was involved 
in in te r f lavanoid linlcage, methoxy group v/as no t^ located at 
G~4* of r ing I-B or G-4' of r ing II-B in OPIIIA. These cons i -
derat ions l e f t the only p o s s i b i l i t y of ass igning the methoxy 
group to e i t h e r C-7 of r ing I-A or C-7 of r i ng I I -A, 
Assessment of f i n a l pos i t ion between 1-7 and I I -7 was 
made by comparison of ITMR spectra of a c e t a t e s of I-7-O-methyl 
amentoflavone, II-7-O-methyl amentoflavone, OPIII , 1-7, 1-4 ' -
67 di-0-methyl ochnaflavone ' and ochnaflavone pen taace ta te as 




TABIE - XXU. 
Chemical s h i f t s of p ro tons ( T s c a l o ) of OPIIIA, 1-4 »-0-mGtli,yl 
Ochnaflavono t e t r a a c e t a t e , 0PIIB1 anid Ochnaflavono per i tamothyle ther 
Asargnment 
H - I - 6 
H-ir-6 
H - I - 8 
H - I I - 8 
H ~ I - 5 
H - I I - 3 
H - I - 2 » 
H~I-6» 
H - I ~ 5 ' 
R - I I - 2 » , 
m-6' 
H - I I - 3 * , • 
1 1 - 5 ' 
1-7 
.1-4 S r-5 
I I - 5 , i i - y 
OPIIIA 
3 . 1 8 ( d . 
5.48 Cd, 
2 . 9 4 ( d . 
2 . 9 4 ( d . 
5 .44 ( 3 , 
5.59 Cs, 
2 .40 ( d . 
2 . 5 0 ( q , 
2 . 6 6 ( d . 
2 . 1 0 ( d , 
2 . 8 4 ( d , 
7 . 3 5 ( D , 
7 . 8 6 , 7 . 
7 v ; (6 
















I - . 4 f _ 0 - m e t h y l 
o o h n a f l a v o n e 
t e t r o . a c e t a t e 
3 . 1 8 ( d , m ) 
3 . 1 8 ( d , i n ) 
3 . 1 9 ( d , IH) 
2 . 6 0 ( d , IH) 
3 . 4 6 ( s . III) 
3 . 4 2 ( s , III) 
2 . 4 0 ( d , 1H) 
2 . 2 0 . ( q . III) 
2 . 8 7 ( d , 1H) 
2 . 1 9 ( d , '^ 11) 
2 . 9 8 ( d , 2H) 
7 . 6 9 ' ( D , 3 H ) 
( 6 . 1 2 ) , ' 7 . 5 7 , 
7 . 5 7 • 
7 . 6 7 





3 . 4 6 
5 . 4 5 
5 .44 
2 . 4 0 
2»28 
2 . 8 9 
2 . 1 9 
2 . 9 9 
( 6 . 1 : 
( 6 . 1 
( d , 
( d . 
(a, 
( d , 
( s . 
( s . 
( d , 
(ci, 
( d . 
Cd, 
( d . 
2) 
2 ) , 
( 6 . 0 8 ) , 
( 6 . 0 8 ) , 
( 6 . 

















3 c h n a r i a v o n o 
Don tame l;h; 
2 t h o r 
5 .66 ( d , 
5 .66 ( d , 
5 . 4 8 ( d . 
5 .45 ( d . 
'5 .44 ( s , 
5.41 ( s , 
2 . 40 ( d , 
2 . 2 4 ( q , 
2 .89 ( d , 
1 
2 .19 ( d . 
2 .20 ( d , 













(G. 1 2 ) , ( 6 . 0 0 ) , 
( 6 . 0 8 ) , ( 6 . 1 ? ) 
(c, 5n e a c h ) 
B = 3 i n g l e t , d -douh lo t , q^iu-j-rbob 
S p e c t r a run in CT)Clv, TLIS ac in'c^rDal Ou.- nd-^-rd - T l 0 
Numbers in paronthcjeci oho'u the cheiaio^jl a h i l ' t s of meG]io:cy XJroLonr;. 
m 
?A312 - ZXX 
ITIIS spec t r t i l da ta of cirucatofl-vono he,:..nethyi e t h e r , 0?IIIM> 
r-7-0- i2ethyl anient of l a vone pen taace ta t e and OPIIIA, 
(So lven t , GDCl,; chen ica l s h i f t s i J i T S c a l c , J values 
i n Ha) 
Asaignment Amentofiavone OPIIIM I--7-0-uia t h y l OPIIIA 
hexamethyl " aracntoflavone 
e t h e r p e a t a a c e t a t e 
BT-r-a ^.SaCd.lH) 3.49(d,1H) 3 .22(d , lE) 2,94(d,1H) 
ff-II-a 3»4.6(C,1H) 2.94(a.1H) 
K~I-6 3,66Cd,1H) 3.66Cd,1H) 3.41 (d, iH) 3 . l8(d ,1B) 
E - I I - 6 3»33Cs,1H) 3.66Cd,1H) 3.01 (3,1H) 3.48(d»1H) 
E- I -3 3.48(3,1H) 3»45(s, lH) 3 .34(s , lH) 3.44(8,1H) 
S - I I - 3 3.42Cs,1H) 3»4<Ks,1H> 3.36(s,1H) 3»39(a,1H) 
H-r-6« 2.10Cq,1H) 2 .28(q , lE) 2.lOCq,1H) 2.30((i,lH> 
^ I - 2 * • 2.16(d,1H) 2.40Cd,lH> 1.96(d,1H) 2 .40(d , lH) 
H-I -5* 2.8a(d,1H> 2.a9(d»1H> 2.52(d,1H) 2.66(d,1H) 
H - I I - 2 % I I - 6 » 2.62(d,2H) 2.19Cd,2H) 2.50(*d,2H) 2.10(d,2H) 
Ii^II-«3Mr-5*^ 3.24Cd,2H> 2.99(d,2H) 2.99(d,2H) 2.84(d,2H) 
1-5,11-5 (e .08)C5.95) ( 6 . 0 8 ) , ( 6 . 0 8 ) 7 .52,7 .56 7 .59 .7 .57 
r - 7 , i i - 7 ( 6 . 1 4 ) , ( 6 . 2 0 ) ( 6 . 1 2 ) , ( 6 . 1 2 ) ( 6 . 3 8 ) , 7 . 9 2 7 .83(6.12) 
I ~ 4 M I - 4 » ' ( 6 . 2 6 ) , ( 6 . 2 7 ) ( 6 . 1 2 ) , — 7 .96 ,7 .74 7 .86 , — 
Ktunbera i n paren theses show the chemical s h i f t s of raethoxy p ro toaa . 
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il^ ABT^  - XXXI 
Chemical s h i f to of p ro tonc of t - 7 -O-no t l i y l ^raontof IcAvono p e n t a -
a c e t a t e ^A), I I -7-0-mel ; l iy l CLinentoIlcvone pon taacoU. te ( B ) , OPIII 
a c e t a t e , I - T j l - ^ - d i - 0 - m c t ] i y l ochn.'.r.UvojJG t r i acc t . . ' t c , (G) and 
ochnaf lavonc p c n t a a c e l a t e ( D ) . 
S i g n a l s (A) (B) QVII (G) , (D) 
acGtcite 
11-1-6 3.42Cd,1H) 3.18(a,1JT) 3.18(cl,1II) 3 .42(a ,1II ) 3 . 6 6 ( d , l H ) 
H - r - a 3.52Cd,lH) 2.78(d,1H) 2»94(d,1H) 3 . l O ( d , l E ) 3.49(^,111) 
H - I - 3 , I I ~ 3 3.36(s,2fr) 3.36(Q,2n) 3 .44 ,3 .39 3 . 5 1 , 3 . 4 5 , 
(,o,1H each) 3.43(0,211) 3.41 (n,211) 
H - I I - 6 3.00Cs, lH) 3.25(0,111) 3.43(d,1H) 3 . i3 (d ,1 I I ) 3 .66(d,1II) 
H - I I - 8 — — 2.94(d,1i r ) 2 .70(d,1II) 3 . 4 6 ( d , i n ) 
H - I I - 3 ' , 2 .06(d ,2H) 2 . 9 6 ( d , 2 n ) 2 .84(d ,2H) 2 .99(d ,2H) 2.99(d,2II) 
11-5 ' 
H - I - 5 * 2 .48(d,1H) 2o56(d,1H) 2.66(d,II-I) 2,88(d,1I-l) 2,89(d,-iII) 
H - I I - 2 * , . 2,52Cd,2H) 2.51 (d,211) 2 . lO(d,2H) 2.39(d,2I-I) 2.iy(d,2I-I) 
11-6^ 
H-I-2» 1 . 9 6 ( d , m ) ) 2 .92(q 2H) 2 .40(d,1I l ) 2.40(d,-lH) 2 .40 (d ,Ur ) 
I I - I -6* 2 .09 (q ,1H) j * * 2 . 3 0 ( q , l n ) 2 .28(q ,1H) 2 .30 (q , l I I ) 
I - 4 S I I - 4 * 7 . 9 4 , 7 . 9 3 7 . 6 2 , 7 . 0 8 7 .86(s ,3H) (6 .12 ) 7.80(3,311) 
(s ,6II) (^»^^^> (s ,3H) 
I -5 , I I - -5 7 . 6 0 , 7 . 7 6 7 . 4 4 , 7 . 5 0 7 . 5 9 , 7 . 5 7 7 . 5 7 , 7 . 5 7 7 . 5 8 , 7 . 5 6 
(s ,6I l ) (s ,6H) (s ,6H) (s ,6H) (s ,6 l l ) 
1-7,11-7 ( 6 . 3 8 ) , 7 . 5 4 7 . 9 6 , ( 6 . 0 9 ) 7 . 8 3 , ( 6 . 1 2 ) ( 6 . 1 2 ) , 7 . 6 3 , 7 . 6 5 
7.66 
( S , 3 H : each) (3,3H each) ( s ,3H each) ( s ,3H each) ( s ,6 l l ) 
s = s i n g l e t , d -• d o u b l e t , q = q u a r t e t 
S p e c t r a run i n ODGl.^  a t 100 LIH3, TI.'J as an intGrn<j.l 
s t a n d a r d =710 





The proton s ignals a tT '3 .18 andT2»94 of 1-6 and 1-8 ox 
OPIir ace ta te are compar-ible to those of II-7-O-methyl amunto-
flavone a t T 3 . 1 8 andT'2,78 respec t ive ly r a t h e r thtm to 1-7-0-
methyl amentoflavone. Moreovor, the mcthoxy group of 7 6.12 i s 
a lso comparable to II-7-O-methyl amcntoflavone (7^6,09) r - t h e r 
than to T6.38 of I-7-O-methyl amentoflavone. 
OPIII was, therefore , aoaigncd the s t ruc tu re I—I-',1-5, 
II-5 ,1-7-Tetrahydroxy-l l-7-0-me thyl / ~ I - 3 »-0-II-4 '_7 biflavone 
(LXXVI), which c o n s t i t u t e s the f i r s t repor t of i t s i so lab ion 
and occurrence. 
OP I I 
OPII responded to usual biflavanoid colour tost with 
Zn/Hcl, Complete mcthylation results with dimeth^/l-aulphate indi-
cated it to be a mixture of pentamcthyl ether of ochnaflavone 
(minor) and methyl ether of a biflavanoid (r.i.:.jor) different from 
methyl ethers of all other biflavones. Although the shade of methyl 
ether of this biflavanoid seemed to be somewhat identical with that 
of pentamethyl ether of ochnaflavone or hinokiflavone in 
UT light, its R^ value (0,48) was greater than that of ochn^ i-
flavone pentamethyl ether (R^ 0,44) and lesser th.m that of 
hinokif lavone pentamethyl ethor (lu 0.52). OPII bein^; a mix-
ture of the two was, therefore, suojecte-l to 0'J;D (pH 3.5) 
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separa t ion , .'i-Cter 225 .tr 'tnaloro oi GOD, OPII yielded only 
one component l:.bc0.1ud o.rj OPIIb. ITMR of i t c ace ta te could 
show only the presence oX 6-t-^coto.-:y i^roups and a poorly 
developed pecik at () 5.5 PPDi» a c h a r a c t e r i s t i c of bif lavanone, 
OPII v/as, the re fore , guessed as a hexahydroxy bif lavanone. 
In view of the above r o s u l t c , OPII was dehydrogenat-
155 ed by Ip-DI^O/HgSo. reagent • The dehydrotienafcion product 
on TLO (TEPP)* yielded two componenb.s l abe l l ed as OPIIDH-I 
(major) and OPIII5H-2 (minor) in order of increas ing R^ va lues , 
with a small amount, of non-dehydrogcnatod OPII. Further dciiyd-
rogenation of OPllDH-2 converted i t into OPIIDH-1,, 
OP 11131-1, on moth^'-lation and TLC examination (BPP) 
v/as found to bo hexametJij'"! other of amentoflavonu. I t v/as 
confirmed ay 1-5, I I - 5 , 1-7, I I - 7 , 1-4' , I I - 4 ' hexahydroxy 
/ 7 I - 3 * , I I -8J7 biflavone (amentoflu.vono) by comp.i.rin£; i t s 
ace ta te and methyl e thor der iva t ives with those of au thent ic 
samples (TIC, GoTLC, NBIR-data), 
OPII, t he re fo re , automatic;^.lly stood confirmed as 
1-5, I I - 5 , 1-7, I I - 7 , 1-4 ' , II-4'-Hexahydroxy, 2 , 3 , 2 " , 3 " - t e t r a . 
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OP IT 
OPIV, an oouplobe me thyl i-bion and TLG e:camin.vi bian was 
d e t e c t e d a s a mixture of miithylethGr oi' OPII (major) and ochiv^-
flavO'ne pen tame thy l e t h e r ( m i n o r ) . jMtcr Gi:cty t r ansXerc of 
C03, OPIV y i e l d e d only one componont l a b e l l o d aa pPIYb, 
Mass spectrum of OPIVb a c e t a t e showed a molecular peak 
a t m/e 651 > i n d i c a t i n g t h e b i f l a v a n o i d n a t u r e of OPITb, The 
a romat ic p r o t o n s i g n a l s i n ?TI.1R c h a r t of OPITID ace Late ftLrther 
I 
suppor t ed the "bifliivanoid a t r u c t x i r c . 
The IIMR spectrum of OPIYb ace t . i t e showed the preoence 
of one.methoxy group ( T6»1i3) and f i v e aGcto:cy groups ( T 7 . 6 2 ~ 
7..87)» Other peaks in JIM c h a r t of OPIl/bA could not he e x p l a i n -
ed a t t h i s s t a g e and OPITb seemed t o be mixture even a f t e r 
GOD s e p a r a t i o n , 
OPIT was , t h e r e f o r e , Dubjectcd to High ProGOUre Liquid 
Ghromatogr:iphy (HPIC) , The IIPLC r e s u l t s y i e l d e d two Goraponentr,, 
OPIY-1 and 0PIY~2. OPIV-1 could not bo investi/j.-.i-cd f u r t h e r 
due t o i t o meagre y i e l d , j\cet'''-te of 0P I7 -2 , however, gave ;i good 
IIML which ohowed the p resence of 5 aceto:cy groups and one ractho::y 
group ( P i g , 13) . 
M u l t i p l e t a t / 6 ,30-6 ,99 for two I-H-ii p r o t o n s and two 
I I - E - 3 p r o t o n s t o g e t h e r wi th a double doublet a t / 4 ,35 foc 
H-1-2 and II-II--2 p ro tons i n d i c a t e d t e t r a h y d r o b i f l a v a n o n e s t r u c t u r e 
FIG 13 
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fo r OPIY-2. M u l t i p l e t n t T2.O4--2. 17 for H - I - 2 ' , 6 ' proLonr. 
suppor ted the above ol^ncrvo blon. The HITR cpeclrura showod AViY, 
and -A27'^ 2 systems aGnociubod v;ii;]i rin;_: I-B and I l - 'b GubriL-ibufcod 
a t poGiUiong I - J ' , 1-4' and II- ' I . ' r o c p e o t i v e l y , Thur, J-B a^ nd 
I I -A r i n g s of the b i f l avanone Gccracd to be iuvolvod iii inuc.,;-
f l a v a n o i d l i n k a g e . The valuoo ,Ghov;ed bh-'l 0 - I - :5 ' wa:; linJiod 
t o e i t h e r 0 - I I - 6 or G - I I - S , The preGonce of s i n g l e b ab Y^:j»27 
f o r H - I I - 6 p r o t o n and abcence of double t for lT-II-8 p ro ton i n 
FI.TR c h a r t r u l e d out the p o s s i b i l i t y of linlciiifj G-I-':3' bo 
G- I I~6 , Ic^-.ving behind only bhu iiiosb aocepbablo / " I-jii' , I I -o J / ' 
l i n k a g e , as found in t c t rahydroamentof lavone» 
OPiy-2 , t h e r e f o r e , could bo iiaagined t o bo monoiaebhyl 
e t h e r of t e t rahydroamentof l a v o n e , OT/IR valueG for v a r i o u s pro bone 
of OPiy-2 a c e t a t e v/ere a l co found i d c n b i c a l wi th pentaliydroxy 
t e t r a h y d r o a n c n t o f l a v o n e ( T a b l e - XXXII) s u p p o r t i n g t h e above 
proposed s t r u c t u r e for o r i V - 2 , 
OPIY-2 was then dehydrogenta tud by I2-DMSO/H2S0. 
r e a g e n t ^^» The dehydrogenabed produc t on TIG ( T E F P ) y i e l d e d 
two components l a b e l l e d ac OPiy-2'DH-I (maoor) and 0 P I V - 2 m r I I 
(minor) i n o rde r of inorcaGing R ,^ v a l u e s , wi th a craal l amount 
of nondehydrogentated OPIT-2. F u r t h e r dehydrogonat ion of 
0 P - 2 I G - I I conver t ed ib i n t o OPIYEII-I. 
0PIV-2DH-I, on mebhylabion fol lowed by TLC examina t ion 
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TAT^ IE - XXXII 
ITMR npecLrnl d-Ui of 0PI7-2 acot.'-Lo ;i,nd hexahyflro:ry t o t r a -
1 5ti hydroarneJito ririvone . 
Assignmcnt OPIV-2 aca b^ •. t;e Hexahycli-oxy 
totarahyriro 
ainGntol'l.'i-vojiG 
H-I-6 ;3o2 (d , IH) 4 .03 ( G , 1H) 
H-I-6 i5.70 (d , 'iH) 4 .08 ( s , in) 
H-II-6 3 . 27 (d , 111) :^.92 ( s , III) 
H~X-2SI-6» . 2 .04 -2 .17 (m, 2H) 2 .70 -2 .85 (m, 2n) 
H-r~5* - 2.SO (d , in) 3.15 (d , 1H) 
H - r i - 2 » , l I - 6 ^ 2 .44 (d , 2H) 2.97 (d , 2H) 
H - I I - 3 » , I I - 5 ' 2.97 (d , 2!I) 3.29 (d , 2H) 
H - I - 3 , 3 ) 6 .80-6 .99 (m, 4H) \ 6 .45-7 .40 (m, 4H) 
H-II~3, 3J j 
H-1-2,11-2 4.55 (dd, 2H) 4.55 (dd, 2H) 
1 - 7 , 1 - 4 ' 7 . 1 4 , 7 . 1 8 ( s , 6H) ) ' ^ 
r i - 7 , I I - 4 ' ( 6 . 0 9 ) , ( s , 3ir each) ) ^ .0 to - 1 . 9 (ra, 4H) 
1-5 ,11-5 7 . 1 2 , 7 . 1 0 ( s , 6H) - 2 . 1 8 , - 2 .27 ( G , 2H) 
s = s i n g l e t , d = doublet , m = mulbiplet 
Spectrum run in ODGlv a t 100 JMz, TllS as i n t e r n a l s t a n d a r d ^ Tio 
Fumber in parenthes i s shows chemical s h i f t s of methoxy protons . 
• v a l u e s mo.rkc d with a s t e r i s k show chemical s h i f t s of hydroxy 
protons when spectrum was run in DMSO-d^ ^ using TI.fS as intornn-l 
standard at 80 ITHz. 
nv 
iV>l?Y) vAiG rouii'l 'hO h:. he-; "K) i.j.ylc bher of .uu^jiiLoriav!) nc . T]iC 
ace Late ox OPIV-ZDli~I [; ^ n: >xa T^Ml i d o u i . i c l a l bo Liiab o l I I - 7 - 0 -
methy l ameiiLoriavono pjuL. uco I; . i,(^  (T<'~!'ie - XXXIII) . 
0PIV-2"DH-I w Lrj, tJi ;/• '^o , -i':; i.jiiod liu' :: Lruc ourc 
I - 4 » , I I - 4 ' , I - 5 , I I - 5 , I - 7 - p c n U ' . h , y : l r o ; c y , I I - 7 - O - M . ; ;.hyl / f 1 - 3 ' , I I - ' J ? 
"biflavonc and i t s parenb OPIV-2 Ixii'oj^ f^  dchydrojon.'!.!..^on \.'ar; 
asGigned the s t r u c t u r e I - 4 \ II- 'I ' , 1-5, I I - 5 , I~7-ponL.Jiy(lro::y, 
I I ~ 7 - 0 - m e t h y l tetrahydro^-Uiientoflavonc (LXXVII). 
The p o c i t i o n of mo bhoxy /jroirp ; ' t C- I I -7 i n OPIV-2 wa;; 
f u r t h e r confirmed "by compariGon of WTR da ta of OPIV-2 aoebato 
wi th I—7-0-mothyl amcntoflavone pcntac,ce ba te , I I -7 -O-mc thy l 
amentoflavone p e n t a a c e t a t e (Table - XXXIV) and a l s o by coHparini^^ 
chemical s h i f t s of methoxy and t'lcetoxv p ro tons of OPIV-2 
a c e t a t e wi th o t h e r r e l a t e d compounds (Table - XXXV) o 
P r o t o n s i g n a l s for H - I - 5 ' , H - I I - 3 » , 5 ' , n - I I - 2 » , 6 ' and 
H - I I - 6 a t T a . S O , T2 .97 ,T2 .44 and Y3.27 a rc comparable to^ t h o s e 
of I I -7-O-methylamentof lavone p e n t a a c c b a t c a t T^2.56, T2«D6, 
T2 . I ;0 and T 5 . 2 5 r e s p e c t i v e l y r abhe r than of I -7 -O-methyl 
amentoflavone p e n t a a c e t a t e . Moreover, t h e methoxy group a t 
T 6 , 0 9 i s comparable t o I I ~ 7 - 0 - m e t h y l amentoflavone p e n t a a c e -
t a t e ( •09) r a t h e r t han t o I -7-O-methyl amentoflavone p e n t a -
a c e t a t e ( T 6 , 3 8 ) , I I - 4 ' - 0 - m o t h y l amentoflavone pcntaacot^i to 
( 1 6 , 2 5 ) or I -4^ -0 -me thy l amentoflavone p e n t a a c e t a t e ( | 6 . 2 8 ) . 
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TABLE - XXXIII 
HIilR s p e c t r a l da t a of OPTY-ZDH-I a c e t a t e and II-T-O-mo I h y l ancnlo-
f lavone -Denkaacetate 
AsGignment 0PI7-2I3K-I II-7-0-rac;i;hyl 
a c e t a t e anenboriavonc 
pcnta.^ce t a l e 
E - r - 6 5.17 ( d , 1H) 3.18 (d , 1H) 
H-I -a 2,78 (d , IH) 2 .78 ( d , 1R) 
H - I - 3 , ll-y 3.50 ( s , 2H) 3.36 ( G , 2H) 
H - I I - 6 3.24 ( s , 1H) 3.25 ( s , ,111) 
H-I-2» ) 2.06 ( q , ' 2 H ) ) 2.02 (q , 2n) 
H-1-6^ ^ j 
H- r -5* 2.54 ( d , 1H) 2.56 (d , 1H) 
H - I I - 2 » , I I -6» 2.50 (d , 2K) 2.50 (d , 211) 
H - I I - 3 * , I I - 5 * 2.98 ( d , 2H) 2.96 ( d , 2H) 
I - 4 S I I -4» 7 .66 ,7 .62 (3 ,6H) 7 . 9 5 , 7 . 0 5 ( a , 6 H ) 
1 - 5 , 1 1 - 5 7 . 5 l , 7 . 4 3 ( s , 6 R ) 7 . 7 5 , 7 . 4 3 ( s , 6 H ) 
1-7, I I - 7 7 . 9 6 , (6 .09) 7 . 7 7 , (6 .09) 
( s ,3H each) (s>3H each) 
s=Bin($let , d=doul)let , q^quarbct 
Spectrum rmi i n ODOl.^  a t 100 I.Uiz, cheia ical s h i x t o of p ro tonc 
i n / s c a l e , ' T M S as i n t e r n a l s t a n d a r d . 
F igures i n p a r e n t h e s e c show chemica l ahi fLs of uiQthoxy p ro tons , 
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TABLE - XXXIV 
NMR o p e c t r a l da ta of I-7-O-raeth.yl arnontoflavonc pe i i t aacc t ' v t e , OPIV-2 
a c e t a t e and I I -7 -O-me thy l ;;imGntoflavonc ijenbaaootcity. 
Assignment I-7-0~inothyl 0PIV~2 a c e t a t e I I -7~0-rnet l iyl 
ame nt of lavo ne amo nt o f lavo ne 
p e n t a a o e t a t o pen taaco bate 
H-r -6 3 .02 (d , lH) 3 . 7 0 ( d , l n ) 3 .18(d ,1H) 
H- I -8 3.22(d,1H) 3 .32 (d , lH) 2 .70(d, ' lH) 
H - I ~ 3 , I I - 3 3»36(s,2H) 6.80-6.99(m,4H) 3 .3S(s ,2I I ) 
H - I I - 6 3»00(s , lH) 3 . 2 7 ( s , 1 n ) 3 .25(s ,1H) 
E - I I - 3 M I - 5 * 2,06(d,2H) 2.97(d»2n) 2 . 9 6 ( d , 2 n ) 
H - I I - 2 » , I I - 6 » 2.52(d,2H) 2»44(d,2H) 2o[30(d,2Pl) 
H- I -5* 2 ,48 (d , lH) 2 .80 (d , l I I ) 2 .36(d ,1H) 
ttV* k o l l q ; ] ? ] 2 .70-2.85(m,2H), ] 2,02(ci,2H) 
r - 4 M I - 4 ' - • 7.95,7.85(3,611) 7 . 1 0 , 7 . 1 7 ( s , 6 H ) 7 .95 ,7 .85Cs ,6H) 
r - 5 , I I - 5 7.53,7.49(3,611) 7 . 1 2 , 7 . l O ( s , 6 n ) 7 . 7 5 , 7 , 4 8 ( s , 6 H ) 
r - 7 , I X - 7 (6 .38) ,7»90 7 . U , ( 6 . 0 9 ) 7 . 7 7 , ( 6 . 0 9 ) 
( s ,3 i r each) ( s ,3H each) ( s ,3H each) 
3 = s i n g l e t , d = d o u b l e t , q = ciuartc-t, m = m u l t i p l e b i 
S p e c t r a r u n in ODCl-;. a t 100 LUIa, W£ as intorn^^l ataiul.'.rd = ^ 0 . 0 0 . 
ITuinhers i n p a r e n t h e s e s show chemica l s l i i f t s of me Lho>:y p r o t o n s . 
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TABLE - XXXV 
Ghcniic^ .l GhiJ.'bG ( | Scclu) of mc thoxy and acotoxy probons 
ox 0PI7-2 acetate and related compounds. 
Compounds 
Assigned position in biflavonyl nucleus 
j_4» ii-4.t x-5 II-5 1-7 II-7 
OPIY-2 ace ta te 7.18 7,17 7.12 7.10 7.14 (6.09 
Podoccirpusflavorie-A 7.90 (6,25) 7.56 7.51 ' 7.68 7.94 
pentaaceta te 
Bi lobat in (6.28) 7.85 7.53 7.49 7.76 7.90 
pentaaceta te 
Sequoiaflavone 7.95 7.85 7.55 7.49 (6.38) 7.90 
pentaacetate 
II-7-0~methylamento- 7.95 7.85 7,75 7.48 7.77 (6.09 
flavone pentaaceta te 
Ntimbera in parentheses sliov,' chemical s h i f t s of raethoxy pro tons , 
Thus f i n a l l y 0PIT--2 was as^i^^ncd the stiruoture 1-5»11-5,1 
I -4* ' , I I -4 ' -pentahydroxy- l l -7-0-methyl , 2 , 3 , 2 " , 3"' t e t rahydro 
amentoflavone (LXXYII), which conc t i tu tos the f i r s t repor t of 






The follovi7in(^ s ix p lan ts of d i f fe ren t ifamilioo h;ivc 
been chemically examined for t h e i r f lavanoidic and "biflava-
no id le c o n s t i t u e n t s . Those marked with a s t e r i s k are only-
detected on TLO-. 
1» cupressus a u s t r a l j s jjesf* (Gupressaceae^ 
The phenolic ex t rac t ives of the defa t ted leaves of 
CTapressus a u s t r a l i s Desf. have "been chemically examined. The 
following s ix hif lavanotds have been i so l a t ed in pure form 
and charac ter ized by U7 and FM spectroscopy. 
V i ) Amentoflavone 
( i i ) Cupressuflavone 
( i i i ) Robust; if lavone 
*( iv ) LTono-0-methyl amentof lavone 
(v) Hinokiflavone 
(v i ) Isocryptomerin 
Robustaflavone i s being reported for the f i r s t time 
in ge nus • Cupre s s us *. 
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2• Gephalotaxua g r i f f l t h l t Hk> (gepha lo t axaceae ) 
The follov/ing s i x f l a v a n o i d i c and b l f l a v a n o i d i c 
c o n s t i t u e n t s were i o o l a l c d from the phenol ic exfcractivco o£ 
the l e a v e s of pepha lo taxus g r i f f i f c h i i . Ttiey were c h a r a c t e r i z e d 
by UV and NMR spec t roscopy a s : 
* ( i ) Amentoflavone 
Vi i ) Sequoiaf lavone 
( i i i ) I -6 -C-methy l sequo ia f l avone 
( i v ) Ginkget in 
^v) Apigenin 
( v i ) Querce t in-3- rhamno3ide ( q u e r c e t r i n ) 
X-6-a-inethyl sequoia f lavone c o n s t i t u t e s t h e second 
r e p o r t of i s o l a t i o n and c h a r a c t e r i z a t i o n of n a t u r a l l y o c c u r r i n g 
C-methyl h i f l a v o n e s * Moreover t h e i s o l a t i o n of q u e r c e t r i n from 
t h e l e a v e s of (J. g r i f f i t h i i i s t h e f i r s t example of i t s occurrcnee 
i n f ami ly Cepha lo taxaceae . 
5 . Viburnum coriaceum ( Q a p r i f o l i a c e a e ) 
Only two f l a v a n o i d i c c o n s t i t u e n t s v^^ ere i s o l a t e d from 
l e a v e s e x t r a c t s of Viburnum cor iaceum i n pure form. The i r 
s t r u c t u r e s were confirmed by UV and MM s p e c t r o s c o p y ac r 
Ci) Amentoflavone 
( i i ) Apigenin 
I 
4» Tamarix d i o l c a r o x b , (.Tamaricaceae) 
The fo l l owing two impor tan t chemical c o n s t i t u e n t s 
u^ 
were isolated from phenolic ext:r;ic t,ivos o.C tlie leaves of 
Tamarix dioica roxb, T^ hey were characterized by TJV, NMR and 
mass spectroscopy as: 
( i ) Trans-2-Hydroxy-4-Eiethoxy cinnamic acid^ 
( i i ) Isorhmnot in 
I so l a t i on of tran3-i^~Hydroxy--4-niethoxy cinnamic acid 
from T» dioica Roxb, i s the f i r s t example of i"t3 i s o l a t i o n 
as a free aglyoone from a plant source. 
5 • Ochna atrop-grpurea po, (Ochnaceae) 
The phenolic ex t r ac t i ves of Ochna atropurpurea y ie lded 
three biflavones in x^ i^^ e form. They were charac te r ized by UY 
and ITMR spectroscopy a s : 
( i ) Ochnaf lavone 
( i i ) I~4*-0-nethyl Ochnaflavone 
Cxii)r-4»,X-7-Dl-0-methyl Ochnaf lavone 
^• Ochna pumila Ham. (Ochnaceae)^ 
The phenolic e x t r a c t i v e s of the leaves of Ochna pumila 
yielded two new bif lavanoids along with tv/o known bi f lav . inoids . 
They v/ere charac ter ized by HPLO, UY,IR, mass and mSR s p e c t r o s -
copy a s : 
( i ) Ochnaflavone 
( i i ) II-7-O-methyl Ochnaflavoiie (new) 
( i i i ) Tetrahydro ameiat of lavone 
( iv ) II-7-O-methyl Tetrahydro amentoflavone (new) 
I s o l a t i o n of te t rahydro amentoflavone and II-7-0-jr;ethyl 
te t rahydro amentoflavone c o n s t i t u t e s the f i r s t repor t of t h e i r 
occurrence as a new s e r i e s of b i f lavanones . ' 
EXPERIMEN!EiIi 
10a 
All la^ps, v/ere measured on Kaf l e r hot microscopic 
s t a g e and a r e uncor rec tGd . Thin l a y e r and p r e p a r a t i v e l a y e r 
chromatography were performed on s i l i c a g e l & (BEE, E.Merck 
NGIr-roona) u s i n g benzene -py r id ine - fo rmic a c i d (BP?, 36 :9 :5 ) 
as so lven t sys tem. KMK s p e c t r a were r eco rded on JEOL 4H~100 
ingtrximent, Gliemical s h i f t s a r e exp res sed in To c a l e r e l a t i v e 
t o TMS as i n t e r n a l s t a n d a r d . Mass s p e c t r a were o b t a i n e d 
from JEOIr-OSIG double focus h igh r e s o l u t u o n mass spec t rome te r , 
A l l t he r e a g e n t s used were of 'AWALAR* grade texcept formic 
a c i d (.BIEL and B.Merck) . 
The fo l lowing s i x p l a n t s have been i n v e s t i g a t e d in 
d e t a i l for e x t r a c t i o n , i s o l a t i o n and c h a r a c t e r i z a t i o n of 
f l a v a n o i d s and b i f l a v a n o i d s . : -
1 . Cupressus a u s t r a l i s Desf. S y n - C a l l l t r i s rhomoboidea 
R.Br . (Gupressaceae) 
2 . ffephalotaxus g r i f f i t h i i Hk. tCepha lo taxaceae ) 
3 . Viburnum Goriaceum ( C a p r i f o l i a c e a e ) 
4» Tamarix d i o i c a Roxh. (Tamaricaceae) 
5 . Ochna a t r o p u r p u r e a Dc. (Ochnaceae) 
6 , Ochna pumila Ham. (.Ochnaceae), 
aUPRESSUS AUSTRALIS IMST, 
E x t r a c t i o n of t h e l e aves of Gupressug a u s t r a l i s 
Dried and powdered l e aves (1 kg) v/ere comple t e ly 
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exhausted with petroleum ether (40-60°). The comlDined extracts 
were concentrated first at atmospheric pressure and then 
under reduced pressure, where.by an oily green tesidue was 
obtained, which showed no flavanoid coloiir reactions and was 
rejected* 
The petrol defatted leaves were refluxed with acetone 
exhaustively, The .combined acetone extracts were concentrated 
first at atmospheric pressure and then under diminished pressure, 
A dark green giimmy mass obtained was refluxed'with petroleum 
ether (40-60°), benzene and chloroform successively till the 
solvent, in each case was almost colourless. The residue left 
behind was then treated with boiling water. The water insoluble 
brown gummy mass was removed, dried and refluxed v/ith ethyl 
acetate for 10 hrs. The ethylacetate extract v;as concentrated 
to give a dark brown solid (10 grams), v/hich responded to the 
usual colour test for flavanoids. 
Purification of Biflavanoid Mixture-Oolumn Ohromatog;raphy 
A well stirred suspension of silica gel (150 g) in 
dry petroleum ether (40-60°) was poured into a column (150 era 
long and 50 mm diameter). When the absorbent was well settled, 
the excess of petroleum ether was allowed to pass through the 
column, ©le dark brown solid (8 g) absorbed on silica gel 
was added to the column. The column was eluted with organic 
solvents successively in the increasing order' of polarity. 
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Tlae r e s u l t s are given below: 
Solvent Nature of product 
1. Petroleum ether (40-60°) 
2. Benzene 
3 . ChloroXorm 
4 . Benzene-ethylacetate (1:1) 
5o Benzene-Ethylacetate (1:2) 
6 , Etl iylacetate 
?• Acetone 
Greenish o i l y product 
Green gummy macs 
Green waxy product 
Brownish green so l id 
Brownish green so l id 
Brown so l id 
Dark hrov/n mass 
Ii*ractions(4-7) gave pos i t ive colour t e s t s for 
f lavanoids , they were combined and the solvent d i s t i l l e d 
off to give brown residue (5 g ) . 
separa t ion of Biflavanoid Mixture-Preparative Thin-layer 
Ct^romatography 
Using a t h in - l aye r spreader (Desaga, Heidelberg) , 
g lass p la t e s (40 x 20- cm) v/ere coated with a well s t i r r e d 
suspension o f - s i l i c a ge l (50 g in 95 ml of water) to give 
a layer of approximately 0,5 mm th i ckness , i\fter drying for 
2 h r . at room temparatiire, the p l a t e s v/ere ac t i va t ed a t 
110-120^0 for 1 h r , and preserved in a des i cca to r , 
The complexity of the b i f lavanoid mixture obtained 
a f t e r p u r i f i c a t i o n by column chromatography was ^examined by 
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TLG us ing t h e fo l lowing so lven t sys toras : 
( a ) Benzene-Pyr id ine- formio a c i d (BPP, 56 :9 :5 ) 
("b) Toluene-E. thylformate-formic a c i d (TSP, 5 :4 :1 ) 
• r (c ) T o l u e n e - P y r i d i n e - a c e t i c a c i d (TPA, 10 :1 :1 ) 
(d) B e n z e n e - E t h y l a c e t a t e - a c c t i c a c i d (BEA, 8 :5 :2 ) 
( e ) Benzene-Pyr id ine -E thy l fo r raa te -d ioxane (BPED, 5 : 1 : 2 : 2 ) 
In solvent system (a)^ the biflavanoid mixture 
showed three distinct compact brown spots in UY light. They 
were labelled as CAT (R^ , 0.15), GAII (R^ 0.55) and 
GAIII (R^ 0.57)• There was a marked difference in the R„ values 
in BPP system as compared to others -• hence it v;as taken as 
a system of choice for quantitative separation. 
The crude mixture (5 g) obtained from the colunm v/ao 
dissolved in pyridine and the solution {A^/o) so obtained was 
applied to plates (40 x 20 cm) v/ith the help of a mechanical 
applicator (Desaga, Heidelberg), 2 cm from the lov;er edge of 
the plates. The plates mounted on a stainless dteel frame 
were placed in Desaga glass chamber (45 x 22 x 22 cm) containing 
500 ml of the developing solvent (BPP, 56:9:5), 'Then the 
solvent front had travelled, 18 cm from the starting line, 
the plates v/ere t;iken out and dried at room tomper-i'turc. The 
position of the bands v/as marked in 17V" light. The marked 
pigment zones were scraped with the help of a spatula and 
eluted with dry acetone separately. The eluate in each case 
lid 
was distilled off to give an oily liquid which on addition 
of water yielded yellow precipitoitc. The precipitates were 
filtered, washed with water and dried under reduced preoGure. 
Homogeneity of the pigments (CAI, GAII, GAIII) was again 
checked by TLG using different solvent systems. The fractions 
thus obtained gave pure OAI (1000 mg), CAII (500 mg) and 
OAIII (200 mg), The complexities of all the fractions CAI, 




GAI (300 mg) with anhydrous potassium carbonate (4 g), 
dimethyl sulphate (1 .ml) and dry acetone (400 'ml) was reflu:-:ed 
on a water bath for 12 hrs. A small portion of the reaction 
mixture was taken out in a test tube and tested for alc.PeCl.. 
:> 
reaction, Reflxixing continued until it gave a negative 
alc»FeGl, test. It was then filtered and the residue washed 
several times with hot acetone. The filtrate and washings 
were combined and evaporated to dryness. The yellow residue 
left behind was washed 2-3 times with petroleum ether and 
then dissolved in chloroform. The chloroform fraction was 
repeatedly washed with water to get a pure methylated product. 
The methylated product on TLG examination was found to be the 
mixture of hexamctbyl ethers of amentoflavone (GAIMI), 
cupressuflavone (CAIMII) and robustaflavone (GAIMIII) 
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(R^ values, m.p . , m.m.ps and c h a r a c t e r i s t i c shdde in UV l i g h t ) . 
They were separated by prepara t ive TLG to get pure CAiri . (80 mg), 
GAIMII (75 mg) and OAIMIII (70 mg)» 
1-4 • , I I -4 S 1 - 5 , II-5,1-7,11-7-Hexa-.o-methyl C1-5', I I-8J7 
hiflavone (CAIMI) 
r t c r y s t a l l i z e d from chloroform methanol as colovirlcss 
needles (60 mg) m.p, 226-228°. 
NM (CDCl^); Ttilues o n / S c a l e 
5.52 (d» J=3Hz, lH ,E - l -8 ) ; 3.66 (d, J=-3Hz, 111,11-1-0); 
3.33 ( s , lH ,H-I I -6 ) ; 2.10 (q, J^ =3Hz, Jg^^Hz, i n ,H- I -6» ) ; 
2.80 (d, J=9Hz, l H , E - I - 5 ' ) ; 2.16 (d,J=2.5Hz, lH,H-I-2») ; 
2.62 (d, 2H,H-II-2», H- I I -6*) ; 3.24 ( d , 2 H , H - I I - 3 ' , H - I I - 5 ' ) ; 
3.48 ( s , lH,H-I -3) ; 3.42 ( s , lH ,H- I I -3 ) ; 6 .08, 5.94, 6.12, 6,10, 
6.25,6.27 ( s , 3H each, OMe-I-5, I I - 5 , 1-4' , I I - 4 ' , l - 7 , I I -7 
r e s p e c t i v e l y ) . 
r-4 *, I I -4 M - 5 , I I -5 , 1 - 7 , II-7-ITexa-O-methyl [^ 1-8, II-8_7 hi f lavo IE 
(GAB1II) 
I t was c r y s t a l l i z e d from chloroform methanol (50 mg) m.p, 
295-97°. 
NMEl (ODGl-^  J Values on/Scale 
3.41 (s,2H, I I - I -3 , 11-3); JA'J (s,2II, II~I-G, II-O) ; 
2 .70, (d,JV3 HZ, 411,11-1-2', 1-6' , I I - 2 ' , I I - 6 ' ) ; 3.23 (d,J=0 Hz, 
4 H , H - I - 3 M - 5 M I - 3 ' , I I - 5 ' ) ; 5.9 (3,3H each, OMe-I-5, I I - 5 ) ; 
6.15 (3,3H each, 0!£e-I-7, I I -7) ; 6.23 (s,3H each, OMe-I-4', I I - 4 ' X. 
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I~4 *, I I - 4 M ~ 5 , I I - 5 r 1-7, II-7-T-Ie:ca-o-me t h y l / " I-.5» , 11-G'J 
b i f l a v o n e (CAI in i l ) 
P u r i f i e d CAIIalll by prep^-uv-ibivc tlii)i-l:iy'..'r Ghroi-.ai;u-
g raphy , as a white : : o l i a , Mi'O oryot.alli:. ' ,oa Iroia GHGl-.-LIcOII 
a s coloLirlesr. needlen (20 ni^;), m.p . 3 0 8 ° . 
m.IR (GDGl^); va lues o n T s c a l o 
3.65 ( d , J=2 .5n2 , 111,11-1-6); 3 .42 ( d , J - -2 .5nz ,1I I ,n - I -8) ; 
3*35 ( a , 2 E , H - I - 3 , I I - - 3 ) j 3 .12 ( G , ^ , 1 1 - 1 1 - 6 ) ; 2 . 93 (d , J-yK-, 
2 H , H - I I - 3 M I - 5 » ) ; 2.91 (d , J -^IIs , l T I , n - I - 5 ' ) ; 2 .13 (d , J-9^^::, 
2 I I , H - I I - 2 M I - 6 » ) ; 2.12 (q , J ^ - 2 . 5H2, Jg =5Hs, I I IJ I - I -G •) ; 2.19 
( d , J=2.5Hz, •1 i r ,n - I -2 ' ) ; 6 . 07 ,6 .39 (c,3II c i c l i , o r£o - I -3 , I I -3 ) ; 
6 . 1 2 , 6 . 1 5 (s ,3H each, O r T e - I - 4 M I ~ 4 ' ) ; 6 . 1 2 , 6 . 1 8 (o,3ir o-oli, 
OMe- I -7 , I I -7 )* 
OAIl 
Methy la t ion (GAII) 
OiMI (150 Mug) v/ao mcnhyl^.tGd by rer i i r-cin^ \':i'ch 1 iihydx(-us 
po tass ium cai^bonate and diiricthyl sulpli-'ito i n dry acrj-IjonG. 
Af te r UGual workup and TLG o::a,,iin . t io ) i , t he methy la ted pro luct 
v;ao found to bo a n i x t u r c of tv;o methy l o t h e r e , amenbofl'.'voae 
ho:caiuGthyl o t h e r (GAIILII) and hinolcif Lavone Xjenttuncthyl e t h e r 
(GAIII.III). These methyl e t h c r o were ccp- ' ra ted by proper- t i v e 
TTJC to give pure GAIII.TI (5 mc) and GAIIllII (SO mc) . 
CAII (150 mg) was alGo cubjoc tod to GGT) i j cpara t ion 
between e t h y l methyl ketone and b o r a t e bu f f e r (pll 9 .6) t o 
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give CAIIa (10 mg) and CAlIb (45 mc). GAIIb vaG char xctcrized 
as pentahydroxy hinokil 'lavone by NIvIK of i t s pentaace ta le 
(GAIIbA) and pentamcthyl e ther (GAIIbM or UAIILIII). 
r i - 4 % 1 - 5 , r i -5 ,1-7 , I I~7-Pentacc toxy / " 1-4»-0-II-6_7 
byflavone (GAIIbA) 
Anhydrous GAIIb (40 m^ j.) waa - .cctylatcd with pyridine 
(1 ml) and a c e t i c anyhydride (2 ml) . I t was cooled to roon 
temperature and poured on to crushed lce» The separated so l id 
was f i l t e r e d , washed v/ith \v;.itcr and d r i e d . The dried product 
was c r y s t a l l i z e d from OHCl-,-EtOE ao co lour less needles m.p. 
237-40°. 
ITMR (GDGl^); Talues onTsca l e 
5.18 (d, J=2,5HZ, 1H,H-I~6); 2.58 (d, J=205Hz, lH ,H- I -a ) ; 
2o76 ( s , lH ,H- I I -8 ) ; 2.10 (d, J=9Ha, 2H,H-I-2», 1 -6 ' ) ; 2.20 
(d , J=9Hz, 2H,H-I I -2» , I I -6») ; 2.94 (d, J=9Hz,2n,H-I- ' :5 ' ,1-5') ; 
2.64 (d, J-=aHz, 2 H , H - I I - 5 M I - 5 ' ) ; 7 .94,7 .76,7»68,7.56 ( s , 
15H, 0 A G ~ I I - 4 ' , 1-5,11-5,1-7,11-7) . 
I I - 4 • , r - 5 , I I - 5 , 1 - 7 , II-7-Penta-O-.me Lhyl /71-4 ' - 0 - I I -6_7 
biflavone (GAIIbM) 
r t vitds c r y s t a l l i z e d from GHGl^-EtOH as co lour less 
needles (50 mg) m.p. 259-260°. 
ITTfll (CDGl.g); Values on Fscale 
5.45 (d, J=2.5Hz, 1H,H-1-6); '3,63 (d, J=5.5Hz, 111,E-1-8); 
2.95 (D , . I H . H - I I - S ) ; 3,58 ( s , lH,H-I -3) ; 3.41 ( s , i n , H - I I - 3 ) ; 
1V6 
2.12 (d, J=6Hz, 2H, I I - I -2M-6») ; 2.98 (d, J=9IIz, 2I I ,n- I - i» , 
r - 5 ' ) ; 2.20 (d, J=6Hz, 2 H , H - I I - 2 M I - 6 ' ) ; 5.06 (d, J=9llz, 
2H,H-ir-5», I I - 5 » ) ; 6.06-6.09 ( s , 15H, 0Me-I I -4 'M-5 , I I - 5 , 
r - 7 , i i - 7 ) . 
OAIII was c r^s ta l l i i i cd as yellow needles (100 mg) 
from acetone-benzene m,p. :>2^-'j)22, 
ri-4'r 1-5, I I -5 ,1-7-Tet raace toxy- I l -7-0-methyl /f 1-4 ' - O - I I - e j ; 
bif lavone (GAIIIA) 
OAIII (50 mg) was ace ty la ted with pyridine (1,5 nl) 
and ace t i c anhydride (2 ml) . After usual worJrup the aceta!;e v/a: 
c r y s t a l l i z e d from OHCl^-EtOH as co lour less needles , m.p. 
193-94°. 
TTMR (GDOlg); Values onTsc^ le 
3.19 (d, J=2.5Hz, lH,H-I-6) ; 2.17 (d, J=2»5H2, lH,I I - I -8) ; 
2.99 ( s , lH ,H- I I -8 ) ; 3.40 ( s , lH,H-I -3) ; 3.44 ( s , 1H,H-II-3); 
2.11 (d, J=9Hz, 2 H , H - I - 2 M - 6 » ) ; 2.24 (d, J=-SHz, 2 n , H - I I - 2 ' , 
I I - 6 » ) ; 2.99 (d, J=8Hz, 2 I - I ,H- I -5M-5 ' ) ; 2.76 (d, J=^nz, 2H, 
H - I I - 3 M I - 5 * ) ; 6.13 (s,3H, OMe-ll-7); 7.71 (6H,s, O A G - I - 5 , 
I I - 5 ) ; 7 .76,7.63 (S,3H: each, 1 -7 ,11-4 ' ) . 
I I -4 M - 5 , I I - 5 , 1 - 7 , I I - 7 - P e n t a - O - m c t h y l /71-4• -0- I I -6_7 
biflavone (OAIIIH) 
( G A I I I H ) 
A mixture of OAIII (50 mg), potassium carboJiate (1 g) 
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and dimethyl oulphate (1 ml) in dry acetone (200 ml) WO,G 
refluxed for 8 hrs. After usual workup it v.as cryi^tallizcd 
from GHai-,-MeOH as colourlesG neodloc; (30 mg), m.p„ 260-61*^. 
FMR (CDCl^)"; Values onYscale 
3.66 (d, J=2.5HZ, lH,IT-I-6); 3.43 (d, <T=2.5Hz, 1H,H-I-8); 
2.95 (s, 1H,H~II-8); 3.30 (a, lH,H-I-3); 3.^ 1 (o, 11-1,- .^ I-II~3) ; 
2.12 (d, J=aH3, 2H,H-I-2',I-6'); 2.20 (d, J^^Hz, H-II-2',11-6') ; 
2.98 (d, J=eHz, 2H,H-I-3'', 1-5'); 3.06 (d, J-9Hs, 2,n-II~3', 
II-5'); 6.06-6.12 (s,15H, OMe-11-7,1-5,11-5,1-7,11-4'). 
l/S 
Extraction of 'biflavanoidc from the leaves of Cephalotaxus 
Griffithii 
IJried and powdered leaves (2 kg) were extracted with 
petroleum ether (40-60°), The petrol extracted leaves v/ere 
refluxed with acetone till the extract vvaQ almost colot-irleciDo 
The comhined acetone extrac b vvao concentrated first at 
atmospheric pressure and then under reduced presvsure. A gummy 
dark green mass was obtained. On purification hy solvent 
treatment as described earlier, a solid green residue (10 g) 
was obtained* This residue was then treated with boiling 
water. 
The water insoluble brown gummy mass was dried and 
refluxed with ethyl acetate for 10 hrs. Ethyl acetate was 
recovered and a dark brown solid (5 g) v;as obtained. 
The dark coloured solid was purified by column 
chromatography (Silica gel). The column was eluted auooacsivcly 
lay petroleum ether (40-60°), benzene, chloroform and ethyl 
acetate. The ethyl ace bote 'fractions showed the presence of 
flavanoids. The necessary concentration to dryness gave a 
yellowish brown solid mass (3 g), 
TLG examination of solid in BPP (i56:9:5) showed the 
presence of five bands labelled as OGrl, CGrll, CGrlll, 
CffrlV and CGrV in order of increasing R^ values. All these 
five bands were separated by prep. TLG (BPF, 36:9:5) and 
I V a 
e lu ted by acetone mixed with pyridine (Z'/J) • 
CGrI 
OGrI (5 mg) was methylated with dimethyl sulphate, 
dry acetone and anhydrous K^OO-^* After usual workup and 
ILG examination, the methylated product was found to bo 
amentoflavone hexamethyl ether. GGrI, being a minor fraction, 
was identified as hexa-o-meth.Yl amentoflavone by TIiO only. 
CGrll 
This fraction on methylation by usual method followed 
I 
by TLC examination i^ evealcd the presence of a mixture of 
monomethyl ether of amentoflavone (major) and a monomcthyl 
ether of 0-methyl amentoflM-vone (minor). 
^ 1 
; 
r~4 • , II-4 M - 5 , I I - 5 , II-7-Pentaacetoxy-I~7-0-methy 1 / f 1-3 • , II-8_7 
bi f lavone (CGrllA) 
A mixture of GGrll (100 mg), pyridine (1.0 ml) and 
ACpO (2.0 ml) was refluxed on a v^ater bath for about 2 h r s , 
cooled and poured onto crushed i c e . The separated so l id was 
f i l t e r e d , washed with water and dr ied . On repeated c r y s -
t a l l i z a t i o n from chloroform-mothanol, i t gave a pure product 
(70 mg) m.p. 242-44^. 
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m<IR (ODClv); VaiuGo onTsca lo 
3.21 (d , J=3IIz, lR,TT-r-8); 3o42 (d, J=3nz» IE,H-1-6); 
3.00 (o , lH ,H- I I -6 ) ; 1,90 (d, J=3Hz, 1ff,H-I-2')i 2.53 (d, J-9Hz, 
l H , i r - I - 5 ' ) ; 2.08 (q, J^ =9Hz,J2=5Hz, lH,H-I-6») ; 2.44 (d, J=-9II3, 
2 H , H - I I - 2 M I - 6 » ) ; 3.01 (d, J-6Hz, 2 H , n - I I - 3 M I - 5 ' ) ; 3.34, 
3.37 (S,1H, each, H- I~3 , I I -3 ) ; 7 .94 ,7 .74 ,7 .52 ,7 .56 ,7 .92 
( s , l5H, GAo- I -4» , I I -4M-5 ,11 -5 ,11 -7 ) ; 6.16 ( s , 3H,OGII^-I-7). 
GGrl l l 
Methylation with anliydrous potassium carbonate and 
dimethyl sulphate in dry acetone, follov;ed by TLC examination 
of CGrl l l indica ted i t to bo a mixture of mono-0-methyl-C-
methyl amentoflavone (major) and mono-0-methyl amcntoflavone 
(minor)• 
CGrl l l (80 mg) was subjected to OCD separa t ion between 
e t h y l methyl IceUone and borate buffer (plf 9»6) to give two 
compoimds GGrllla (10 mg) and CGrlllb (50 mg). CGrllla being 
a minor f r a c t i o n could not be inves t iga ted f u r t h e r . However, 
(JGrlllb was charac ter ized as I-6-G-methyl sequoiaflavone by 
HMR studies of i t s ace ta te and methyl e t h e r . 
I-6~G-methyl-I~4' , I I -4 M - 5 , I I -5 ,1 -7 , II~7-Hexa-0-mothyl 
^ 1-3 • , II-8_71> i f lavone (CGr IIIbM) 
A mixture of CGrlllb (20 mg), dimethyl sulphate 
(0,5 ml), anhydrous potassium carbonate (3 g) ^^ nd dry acetone 
(400 ml) was refluxed on a water bath for aboiit 0 hrso After 
I 8 i 
usua l workup and pu r i f i c a t i on by s i l i c a ^ol column, the produol; 
was c r y s t a l l i z e d from chlorororm-nofchanol ao colourleca ncGd3.co 
(15 mg)» in»p. 234-236°, mol,v/t, 636 (maGc). 
ITMR (0]X?lg)r values on T?cale 
3.29 (s,1H,H-I-8) ; 3.28 ( s , 1 E , H - I I - 6 ) ; 2.06 (d, J=2.9irz, 
1ir,H-I"2«"J; 2.78 (d , J=-9Hz, in,H-I-5»)*. ^ »^^ (q» J-| =eHs, Jg"^^^^^* 
H : - I - 6 » ) » 2.53 (d , J=8Hz, 2 H , H - I I - 2 M I - 6 0 ; 3.16 (d, J=f)Ez, 
2 H , H - I I - 3 M I - 5 » ) ; 3.40 (s,1H,H-I-3) ; 3.34 ( s , lH ,H- I I -3 ) ; 
6.22,6.11 (s»3ff each, OOH3-r-4SII-4*) J 6.04,5.04 (s,3H each, 
OCH3-I-5,II-5) ; 6.11,6.30 ( G , 3 H each, OOH^-I-T.II-?); 7.82 ( G , 
I -6~C-mothyI - I - ' 4^ . I I -4SI -5 , I I -5 , I I -7 -Penbaace toxy- I -7 -0 -
methyl r 1-3 • , I I -8 j7b i f lavone (CGrlllbA) 
A mixture af GGrlllb (20 mg), pyridine (1 ,0 ml) and 
ACpO (2.0 ml)waa roflujced on a water bath for abotit 2 h r s , 
cooled and poured onto crushed ioo . The separated s o l i d was 
f i l t e r e d , washed with water and d r i ed . I t was r e c r y s b i l l i z c d 
from Ghloroform-me thanol as co lour less needles (15 Dig), m.p. 
250-252*^0 
WSJIK (CI)01^)t Value3 on Tsca le 
1.94 (d , J=3nz, 1H,H-I~2»); 2.06 (q , J^,=6Ha, J2=3II-, 
iE',ir-i-6«); 2.49 (d, j-ym:, 2jiji-ii-2',ii-J'); z,'j(j (ci, j~y::, 
i r t ,H~I -5 ' ) ; 2o.97 (d, J=9irz, 2H ,H- I I -5 ' , I I -5» ; ; 3.00 (3 ,1 I I ,n - I I -6 ) ; 
3.24 ( s , t H , H - I - 8 ) ; 3.35 ( s , 2 H , H - I - 3 , i r - 3 ) ; 7.91' (s,3H,aH^--r-6); 
7.95 (s,3H,0Ac-I-4»'); 7.73 (s ,3H, 0AG-II-4M; 7.5t (s ,3n c ch, 
OAC"I-5,II -5) ; 6.13 (s,3H, OGH5-I-7) ; 7.91 (s ,3 i r ,OAc-l l -7) . 
18^ ^ 
GGrIT 
CG-rlV after raethylation followed by TLC examination 
was found to be trimethyl ether of apigcnin. 
5.7,4^-rriacetoxy flaypne (GGrlVA) 
CCrrIT (30 rag) wac hea t ed wi th p y r i d i n e (10 ml) and 
a c e t i c anhydr ide (2 ml) oil a water ba th fo r 2 h r s . I t was 
coo led t o room temp, and poured onto c rushed i c e . The rjepavatod 
s o l i d vj&s f i l t e r e d , washed wi th cold wa te r and d r i e d . I t \rarj 
c r y s t a l l i z e d from UHGl^ ~MeOH (20 mg) as c o l o u r l e s s n e e d l e s , 
m.p . 185-07*^. 
Um. (GDCI3); Ya'lues o n T g c a l e 
.3*42 ( S , 1 H : , H - 3 ) ; 3 . 1 ' 8 (d,1II , J=2.5Hz, n -6) ; 2 .8 (d,1H, 
X=2.5Hz, H~8); 2 ,76 (d,2K» J=9Hz, H - 3 ' , 5 » ) ; 2.14 (d ,2H, J-^ITa, 
E - 2 S 6 ' ) ; 7 .60 ( S , 6 H , O A C - 4 ' , 7 ) ; 7.61 (s,3Er, O A G - 5 ) . 
GGrY 
CGrV (10 mg) was methyla ted uoin^i d imethyl su lpha t e 
and po tass ium ca rbona te in dry a c e t o n e , TLC examinat ion of 
GGrT and i t s methyl e t h e r i n d i c a t e d i t t o bo d i - 0 - m e t h y l 
amentof lavone . The NI'TR s p e c t r a l va lues of i t s ace ta te ; confirmed 
i t a s G i n k g e t i n , 
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r - 5 , I I - 5 , I I - 4 ' , I I - 7 - T e t r a a c e t o x y - I - 4 » , I -T -d i -O-mc thy l ^ 1-3 ' , I I - 8 J 7 
b i f l a v o n e (CGrYA) 
CGrV (40 mg), p y r i d i n e (0 ,5 ml) and a c e t i c wnhydride 
( 1 , 0 ml) was h e a t e d on a water ba th fo r 2 h r s . 'The produc t 
on u s u a l v/orkup and c r y s t a l l i z a t i o n from OHGl.,-MeOH gave 
c o l o u r l e s s n e e d l e s (25 mg), m.p. 2 5 7 - 5 9 ° . 
HM (01301^); Values o n T s c a l e 
2 .03 ( d , J ^ . 5 H z , lH , i r~ I -2M; 2 .13 (q , J^ =8Hz,J^ =2.5Hz, 
1H ,H- I -6» ) ; 2 .44 (d , J ^ H z , 2H,H~II-2'', I I - 6 » ) ; 2.32 ( d , J=eHs, 
1 H , H - I ~ 5 ' ) ; 2 .94 (d , J=6H5i, 2H, i r - I I -3» , I I~5») ; 3 . U ( s , i n , 
H - I I - 6 ) ; 3 .43 ( d , J=2.5Hz, l H , H - I - 8 ) ; 3.45 (d , J=2.5Hz, 111, 
H-»I-6); 3.20 ( s , l H , H - I - 5 ) ; 3.19 ( G , 1 H , H - . T I - . 3 ) ; 7 . 5 2 . 7 . G 0 , 7 « 7 8 , 
7.79 (s ,3H each , O A c - 1 - 5 , 1 1 - 5 , I I ~ 7 , I I - 4 ' ) ; 6 . 2 1 , 6 . 2 4 (s ,3H 
each , O M e - I - 7 , I - 4 ' ) » 
5» 7» ^*'» 3*^-Tletrahydroxy-3-0~rhamnosyl f lavone (GG-rGII) 
OGrGXr, mol. formula '^21^20'-'l1» ^'^^ c r y s t a l l i z e d from 
e t h y l a c e t a t e as yel low prisms (300 rag), m. p . 186-87° . 
^ m a x . 275 mu, 352 mu, 
5» 7> 4 ' » 3*"--Tetramethoxy-3-0-rhamno3yl f l avone (GGrGIBI) 
CGrGir (200 mg) was methylated by dimethyl sulphate 
as described earlier to give methylated product (150 mg), 
184 
NMRCCTXTI^) t va lues o n Y s c a l e 
2 .38 ( d , l H , E - 2 0 ; 2.60 (dd,1ff,H-6») ; 3.20 ( d , 1 H , H - 5 ' ) ; 
3 .58 (d, lTr,H-8>; 3.85 (d,1ff,H-6) ; 6 .08 ( s , 5 H , OMe-5) ; 6.15 
( S , 3 H : , OMe-7); 6 .23 (s,3H,OMe-4') ; 6*11 ( s , 3 H , 0Me-3M; 4 . 9 9 -
9.20 ( niTr 0-rhamno3yl~3) . 
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VIBURNUM aORIAGEUM 
Dried and pov/dered leaves (3 kg) were completely 
exhausted with petroleum elhor (40-50°) and then with boilin/j 
acetone, Froni the acetone extract, ou recovery pf the oolvGnb, 
a gummy dark green mass wac obtained. The gucimy mass on 
treatment with different solvents, as described earlier, gave 
a dark brown solid (2 gm). 
!Ehe dark coloured solid was further purified by oolunin 
chromatography (silica gel). The column was elutcd successively 
by petroleum ether (40-60'^), bensenc, chloroform, benzene-ethyl 
acetate (1:1) and ethyl acetate. The la^t two fractions shov/cd 
the presence of flavanoid by usual colour tests. They were 
combined and the solvent v/as distilled off. A yellowish bro\'U 
solid (1.00 g) was obtained, ^ 
TLd examination of the solid in 13PF (36:9:5) showed 
two compact brown spots in UV light, labelled as VGI and VOII 
in order of increasing R^ values. They were separated by 
Prep. TLC (BPF, 36:9:5) and eluted by acetone. 
VGI 
I t was c r y s t i t l l i z e d from methanol as yel low c r y s t a l s 
(200 mg), m.p. 339° R^ 0 . 1 3 . 
1-4 • , I I - 4 M - 5 , I I ~ 5 , 1 - 7 , II-7~Hexamethoxy /7 1 - 3 ' , 11-8 J / 
b l f l a v o n e (VCIM) 
A mix tu re of VGI (100 mg), anhydrous K2CO, (3 g ) , 
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dime bliyl sulpliai;e ( i .O ml) ;u)cl dry ace lone (iiOO ml) war.; r c f .Ii3:-:cr1 
on a vvutcr b<-il;h l o r ••'.iiou'c 12 h r o . AfLc?.- ucual vvorkuxj <'uid p u r i f i -
c a t i o n by PLC, -J, i jolid maot! V/UG obt; i iued which 6n cryRt .111;; i',iojx 
f r om OHGl,-MeOH gave c o l o u r l e s s pl'-'ter? (50 mg) , m„p. ?.21~?.2li , 
MIR (aDGl^),: Valuer;, o n ^ ; j c a l c 
3.54 (d , .T==':;TTz, 1IT,TT~I-8); 3.69 (d , J-3Hz, l H , H - I - 6 ) ; 
3.37 ( s , l H . H - I I - 6 ) ; 3.50 ( s , 11-1,11-1-3) ; 3.-1-3 (o ,1M,IT-II-:)) ; 
2 .06 (q , J^ =-9H2.,J2-3Hz, ^ , 1 1 - 1 - 6 ' ) ; 2.15 (d , J--3Hz, ITI,H-I~2M; 
2.90 (d , J=6Hz, l n , I I - I - 5 ' ) ; 2.62 (d , J^^IIz, 2H ,T l - I I -2 ' , II-C') ; 
3.27 (d , J=8Hz, 2 H , n - I I - 3 M I - 5 ' ) ; 5 . 9 4 , 6 . 0 3 , 6 . 1 0 , 6 . 1 8 , 6 . 2 0 , 6 . 2 4 
(s ,3H each , O M e - I I - 5 , 1 - 5 , 1 - 7 , I I - 7 , T - 4 » , I I - 4 * ) . 
r - 4 • , I I - 4 • , 1-5, I I ~ 5 , 1 - 7 , II-7-Hexaaoeto>:y / f 1-3' , I I - 8 J 7 
b i f l a v o n e (7CIA) 
I t v;ao c r y s t a l l i z e d from GHGl^-Methanol as c o l o u r l e s s 
n e e d l e s (30 mg), m.p. 2 4 2 - 4 3 ° . 
imiR (GPOl^); va lue s on T s c a l e 
2.74 (d , J=3Hz, i n , H - I - 8 ) ; 3.16 ( d , J=3IIz., l H , H - I - 6 ) ; 2.99 (s,1IT, 
H - I I - 6 ) ; 2.02 ( q , J^ =8Hz, J^ =3IIz, l H , I I - I - 6 ' ) ; 1.97 ( d , J=3nz, 
lH ,H~I -2») ; 2 .52 (d , J=^Hz, i n , E - I - 5 ' ) ; 2.51 (d , J=9Hz, 211, 
H - I I ~ 2 M I - 6 ' ) t 2.94 ( a , J=9Hs, 2 H , I I - I I - 3 M I - 5 •) J 3 . 32 ,3 .35 
(s ,2H each , H - 1 - 3 , 1 1 - 3 ) ; 7 . 7 2 , 7 . 7 7 , 7 . 9 5 , 7 . 9 9 , 7 . 5 5 , 7 . 5 9 (0Ac- I -4» , 
I I - 4 M - 7 , I I - 7 , 1 - 5 , I I - 5 ) . 
18/ 
vei l 
YGII (5 nv;) '.,,ir, mc Lhyl.-.lcd with cUmotliyl nulph."l;o, dvj 
ace tone ynd anhylrouo K^GO,, After naui'l vorlcup and TLC ox'-.rilnar-
t i o n , the product vna found to be api,c;;Gnin fcriiaethyl e t h e r . li; 
wac char.'.ictcri7.Gd ao 5 , 7 , 4 ' - t r i h y d r o x y IlDvone by WLCl rjtudicr-
of i t s a c o t y t e . 
5y7»4^-Tr iacotoxy r i avone (VGIIA) 
I t was. c r y o t a l l i z G d fvo-m OIIGl.,-IfeOH (30 mg) as c o l o u r -
l e s s n e e d l e s , m.p, 185-87^ . 
Wm. (ODOl^): ValuGG on I s c a l e 
3.42 ( s , lH,H-3) - , 5.10 (d , J==3Hz, lH,H-6) ; 2 .8 (d , J=3Hz, 
l H , F - 8 ) ; 2 .77 (d , J=9Hz, 2E, i r -3 ' ' , 5 ' ) ; 2.14 ( d , J=9Hs, 2H, 
E - 2 » , 6 » ) ; 7 .68 ( S , 6 H , O A C ~ 4 ' , 7 ) ; 7.61 ( s ,3H, OAc-5). 
18S 
TAIvURIX DIP 10A 
F r e s h l e a v e s (3 kg) were o x t r a c b e d w i t h h o t a c e t o n e 
f o r 10 h r s . The d a r k Gumruy raass o b t a i n e d on r e c o v e r y of t h e 
a c e t o n e was p u r i f i e d by t h e methods d e s c r i b e d e a r l i e r , A s o l i d 
l i g h t brown coloux-ed r e s i d u e (2 gm) o b t a i n e d a f t e r p t i r i f i e a t i o n 
r e s p o n d e d t o u s u a l f l a v a n o i d coloui" t e s t s . TLG e x a m i n a t i o n 
of c r u d e f l a v a n o i d m i x b u r e u s i n g s i l i c a g e l , BPF ( 3 6 : 9 : 5 ) 
showed two brown s p o t s i n UV l i g h t , which were l a b e l l e d a s TDI 
and TDII i n o r d e r of i n c r e a s i n g R„ v a l u e s . They were s e p o . r a t e d 
b y p r e p a r a t i v e TLC,TI5r (100 nig), TDII (90 mg) . 
TI5I 
C r y s t a l l i z e d f rom E t h a n o l - w a b o r a s c o l o u r l e s s c r y s t a l s 
(50 mg) R^ 0 . 6 7 , m . p . 1 5 5 - 1 5 6 ° . 
T r a n 3 ~ 2 - a c e t o x y , 4--nietho:<:y Ginnaiaic a c i d a c e t a t e (TDIA) 
On a c e t y l a t i o n by Py/Ac^O and c r y s t a l l i z a t i o n from 
e t h a n o l » i t gave f i n e c o l o u r l e s s n e e d l e s (30 m g ) . 
K m ( C D C l ^ ) : 7 a l u e s o n T s c a l e 
3 . 1 0 ( d , J=9Hz, 1H,H~A); 2 . 6 0 ( d , d , J^ =9 .0I Iz , J 2 = 2 . 5 H z , 
1 H , H - B ) ; 2 . 7 0 ( d , J = 2 . 5 H z , 111,11-0); 3 . 6 0 (d , J=17TIz , 1H,H-T)) ; 
2 . 2 2 ( d , J=17Hz, 1 H , H - E ) ; 7 . 6 5 ( s , 3 T I , - 0 A c ) ; 6 . 1 6 ( s ,3 I I , -0aH.^) 
T D I I 
TDII (R^ . 0.73, 40 mg) was methylated using dimethyl 
sulphate (0.25 ml) and potassium carbonate (1 g) in 100 ml 
18 i i 
of dry a c e t o n e . The methy la ted product on TLO examina t ion chowal 
t h e p resence of qucrcefcin pentamethyl e t h e r (R^ v a l u e s and 
c h a r a c t e r i s t i c f luoreoccnce in UV l i g h b ) . 
3 .5 17»4 ' -Te t r aace toxy -^ *->0--methyl,f lavone (7.T)IJJi) 
TDII (40 mis) on a c e t y l a t i o n with Py/AcgO y i e l d e d ye l low 
s o l i d which wag c r y s t a l l i z e d from CIlCl^-IIeOH ("50 nf^), 
m.p . 179 -80° . 
Nf.lR (ODGl-j); Talues o n T s c a l e 
2.22 ( l H , d , J=2.5Hz, H-2 ' ) ; 2o35 (1I I ,d ,d , J^=2.5Hz, 
J2=8.5Ha, H-6») ; 5 . U ( l H , d , J-8.5Hz ,H-5») ; 3.47 ( l H , d , J=2.5IIz, 
E - a ) ; 3 .78 ( l H , d , J=2.5Hz, H-6 ) ; 6.11 ( 3 H , s , 0GH-,--3'); 7<.68, 
7 . 6 5 , 7 . 5 8 , 7 . 5 6 (3H each, Oi\c-5 , 7 , 3 , 4 0 . 
IH 
OOHNA ATROPURPUREA 
Dried and powdered leaveG (2 kg) v;ero completely 
exhausted with petroleum ether (40-60°) and then with boiling 
acetone. Prom the acetone extract, on recovery of the r.olvoni;, 
a gummy dark {^ reen maco v/ac outained. The gummy masa on L'roa.tiae}t 
with different solvents,., as described e^ r^lier, gave a dJrk 
bi'orvn solid (2 g)» 
The dark coloured solid was further purified by column 
chromatography (silica gel). [The column was elulcd successively 
"by petroleum ether (40-60 ), benzene, chloroform and cthylaoe-
tate. The ethylacetate fraction gave positive colour tcsi: for 
flavanoids. TLC examination (BPP, 36:9:5) showed'only one band, 
labelled as DAI (R^ O.56), The ethylacetate fraction wan, there-
fore, concentrated and precipitated with pet. ether (40-60°) 
BDH, to give fine yellow solid mass (600 mg) which was crys-
tallised from methanol to give yellow crystals (300 mg) m.p. 
0 
253-235. 
OAI (200 mg) was mixed with methanol (5.0 ml) and 
excess of diazomethane etheral solution (50.0 ml) and was left 
in an ice box for 12 hrs. The solvent w.is evaporated. The solid 
obtained on TLC (Biogin, BPP) examination showed two major 
bands OAII,OAIII and one minor band OAI. The two major bands 
were separated by PLC to 'give pure OAII (R^ 0.72,80 mg) and 
OAIII (R^ 0,81,50 ing). 
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1-4'>1-5,11-5,1-7,Il-Y-Pcntaacoboxy £ I~^»-0- I I -4 '_ / 
blflavonc (OAIA) 
A mixtva:Q of OAI (50 mg), pyridine (1,0 ml) and /iC20 
(2.0 ml) was refluxed on a water bath for bwo h r s . The mixture 
was cooled and poured on to crushed i c e . The co lour less so l id 
was f i l t e r e d , washed with water and d r i ed . I t was c r y s t a l l i s e d 
from ethylacctate-ohloroform as co lour less prisms (50 mg), !u„p. 
259-241°^ 
m^ (ODGl^): Values on T^Cc^le 
2.42 (d , J-2.5HZ, 1H,II-I~2'); 2.62 (d, J-9Hz, 1H,II-I -5 ' ) ; 
2.29 (q, J^=2.5Hz,J2=9H2;, 1H,H-I~6'); 2.12 (d, ,J=9H2, 2H,II-II-2' 
I I - G ' ) ; 2.36 (d, J=6)Hz, 2H,H-I I - ; )MI-5») ; 2 .86 (d, J=2.5IIs, 
lH ,H- I -8 ) ; 2.66 (d, J-^2.5Hz, lH,n-II~8) ; ;)«20 (d, J=2.5na, IH, 
H - I - 6 ) ; 3.16 (d, J-=2.5Hz, 1H,H-II-6) ; 5.59 (s , lH,H-I-5) ; 
3.43 ( s ,1H,H-I I -5 ) ; 7 .80 ,7 .68 ,7 .64 ,7 .56 ,7 .54 (3,3H each, O-Ac-I-4' 
1-7 , I I - 7 , 1 1 - 7 , 1 - 5 , I I - 5 ) . 
1-4 • , 1-5, I I -5 ,1-7 , II-7-PenL, ~0~n^Viyl ^ 1-3 ' -0-11-4 ' J7 
bif lavone (OAIL!) 
A mixture of OAI (50 mg), dimefchyl sulphate (1.0 n l ) , 
anhydi'ous potassium CcrbonaLe (5 g) and dry fj.cotono (250 ml) \.>i.s 
ref luxed for about 8 h r s . AfLor usual workup and purifio^it ion by 
s i l i c a ge l column, the methyl itod product was c r y s t a l l i s e d from 
e thanol into co lour less needles (30 m^j), m.p. 167-169°, mol.wi;. 
608 (masc). 
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mUR (GDCl^) £ values on 'Tsoalo 
2A0 (d , J=2.5HZ3, 1H,H-I-2»); 2»9 (d, jr=Sira, lH,IT-I-5 ' ) ; 
£•28 Ca» j:,=2»5Hz, J2=gHz, tH,n-I-6 0"-; 2.19 (d, J=0nz,2H,II- I I -2 ' , 
r r - 6 » ) ; 3»Q (d , J=6.0Hz, 2 H , H - I I - 3 M r - 5 » ) ; 3.50 (d , J=<Z.5Hz, 
1ff^H-I-ajj 3.48 Cd, J==2.5Hz, 1H,E-II~8) ; 3.60 (d , X=2.5IIs, 
l F , H - I - 6 ) ; 3.60 (d,J=2.5 Hr.; lH,H-II-6) ; 3.45 ( o , i n , K - I - 3 ) ; 
5.42 ( s , 1 E , H - I I - 5 ) ; 6.12 (a,3H each, OGE2-I~4M-7, I I -7) ; 
6.08 (s,3H each, OCHr~I-5,II-5). 
I^4^-0~mGthyl aGlinaflavono (OAIT) 
C r y s t a l l i s e d from pyridine as ycllov,' noodles (50 mc) , 
m.p. 237-299°. 
1-5, I I - 5 , 1 - 7 , II-7- 'netraacGtoxy-I-4 * -0-mothyl /"" 1-3' - 0 - I I - 4 ' J 
^aiflavone (OAIIA) 
A mixture oi" OAII (50 mg) , pyr idine (1 ml) and AGr,0 
(2.0 ml) v/as refLu:-:ed on a v/^itcr bach for two h r s . Tho mixture 
v/as cooled and poured on bo crushed i c e . The colourlesG so l id 
was f i l t e r e d off, v/ashed with walor and dr ied . lb was c r y ; j l - l l i 3 -
ed from ethylacetate-chloroforra as co lour less prisms (30 n ^ ) , 
m.p. 248-250°. 
NT.'OR (CDGl^) ; Values .pn^'jsca_.l£ 
2.40 Cd, J=2.5Hz, lH,H-I-2») ; 2.88 (d, J=eH2, 1H,E-I-5')J 
2.25 (q , J : , = 2 . 5 H Z , J 2 = 5 H Z , ,1H,H-I-6»-) ; 2.19 (d, J=9Hz, 2H,II-II-2» , 
i r - 6 » ) ; 2»99 (d , J==9Hz, 2ir,H-II-3», I I - 5 » ) ; 3AS ( s ,1H,H-I-3) ; 
3.44 C S , 1 H : , H - I I - 3 ) ; 3.18 (d,J=2.5Ez, lH,H-I-6) ; 3.18 (d, J-2.5H^ 
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1.ir,H-II-6); 3.19 (d, J=^.5Ha., lH,H-I-8) ; 2.61 (d, J=^2.5Hz. 1H, 
H - I I - 8 ) ; 6.12 (s,3H, 0GH^-I-4»); 7 .69 ,7 .67 ,7 .57 ,7 .57 (3,3H each, 
OAG-I -7»I I -7 , r -5 , I I -5 ) . 
I- '7,I"4^~Di-0-methyl Qclmaflayone (OAIII) 
Crya t a l l i s ed from pyridine-methanol ac brownish yellow 
prisms (40 mg), m»p. 233-290'*^. 
1-5, i r - 5 , I I - 7T t r i - a ce toxy - I -4» , I-7-Di-O-methyl yf 1-3»-0-II-4 'J 
biflavone ( m i l l A ) 
A mixture of OAIII (40 rag)* pjrridine (1.0 ml) and AogO 
(2 ml) was heated on a water bath for two h r s . The mixture was 
cooled and poured onto c rushed . ioe . The colour less so l id was 
f i l t e r e d , washed with water and d r i ed . C rys t a l l i s ed from e t h y l -
ace ta t e as co lour less needles (30 mg), m.p, 212-214^. 
MR. (GDOl.^); Talues on^Sca le 
2.40 (d , J^.5Hz,, l H , H - I - 2 ' ) ; 2.08 (d, J=9Hz, 1H,H-I -5 ' ) ; 
2.24 (q , J.J *2.5Hz,J2=9Ha. lH,E- I -6») ; 2.24 (d,J=8Hz, 2H,H-I I -2 ' , 
ir~6»>; 2.99 (d, J=9ir3, 2 H , H - I I - 3 M I - 5 ' ' ) ; 3<>49' ( s ,1H,H-I -3) ; 
3^43 (S,1E,H-II-3J ; 3.40 (d,J=2.5Hz, lH ,R- I -6 ) ; 3.18 (d, J-=--2.5nz, 
1H,H-II-6); 6.12 (s,3H each, OCH5-X-4', OGH^-r-?); 7 .66 ,7 .57 , 
7.57 (s,3H each, OAc-I-5, I3 ; -5 , I I -7 ) . 
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OOEM PUMILA HAM> 
Ext rac t ion , of B i f l a y a n o i d s rrom Ochna purajla 
Uried and powdered l e a v e s (6 kg) were comple te ly 
exhaus ted wi th p e t , e t h e r (40-60*^) and t h e n wi th b o i l i n g 
a c e t o n e . The ace tone e x t r a c t y i e l d e d a gummy dark co loured 
mass which was p u r i f i e d hy t h e methods d e s c r i u e d e a r l i e r . 
A s o l i d dark c o l o u r e d r e s i d u e (2 g) was o b t a i n e d which respond-
ed t o u s u a l f l a v a n o i d coloiu: t e s t . 
TIiC examina t ion of the crude b i f l a v a n o i d mixture u s i n g 
s i l i c a g e l , BPF (56 ^ ? 5 ) showed four compact brown s p o t s i n 
UV l i g h t . They v/ere a l s o v i s i b l e by t h e naJced eye on l eav ing 
t h e TXC p l a t e as such for h a l f an h o u r . The s p o t s were l a b e l l -
ed as OPI-OPIY i n order of i n c r e a s i n g R^ va lue s and s e p a r a t e d 
by PLG ( s i l i c a g e l — B i o g i n , SPI> 36 ; 9 : 5 ) . The i r homogenie-
t y was checked on TLG. The s e p a r a t e d components wore ob t a ined 
as OPr (iLj. 0 . 5 0 , 400 mg), DPI! (R^ 0 . 5 1 , 500 mg), OPIII 
(R^ 0 , 5 4 , 350 mg) and OPIT (R^ 0 . 5 7 , 500 rag). 
OPI 
DPI' (100 mg) was methylated v;ith dimethyl sulphate, 
dry acetone and anhydrous K^ gOO^ * After usual workup and TLG 
examination, the methylated product was found to be ochnafla-
vone pentamethylether. 
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X~5, i i ~ 5 , 1 - 7 , I I - 7 , IH-»-rGntc.-0-rao thyl / 1-3 *-0-ll~4 »_7 
biflavone (OPIM) 
Methylated product , a f t e r pvir i f icat ion "by s i l i c a ge l 
column, was c r y s t a l l i z e d f,rom. e thanol in to colourlcsn neodlecj 
(60 mg) m.p. 166-169°. 
HMR (GDGl^); VQ-lues onTsca l e 
2.40 (d , J= 2.5Hz» 1H,H-I-2»); 2.8D (d, J =9Ha, 111,11-1-3'); 
2.20 (q, J^ =2.5Hz and J^. "^^Hz, 1E,H-I-6»); 2.19 (d, J= 9nJ5, 
2 i r ,H- I I -2SH-I I -6») ; 2.99 (d , J =QHz, 2 H , H - I I - 3 S l I - 5 ' ) ; 
3.49 (d, J=2.5lTz, i n , H - I - 3 ) ; 3.46 (d, J =2.5H2, 1E,H-II-8) ; 
3.66 (d, J =2.5Hz, lH,H-I-6)j 3.66 (d, J =2.5IIa, 1 I I ,T[_I I -G) ; 
3.45 ( c , i n , H - I - 3 ) ; 3.41 (s,lH,H-II-"5) j 6,12 (3 ,3n, OCH^-I-4); 
6.12 (s.3H, 0GH^-r--7); 6.12 ( s ,3n , OCHj-II-7) J 6.03 (s,3H, 
OGH5-I-5); 6.08 (s,3H, OGH5-II-5). 
1-4 • , r - 5 , 1 1 - 5 , 1 - 7 , II-7-Pentaacetoxy / " 1-3 »-0-II-4 ^7 
biflavone (OPIA) 
A mixture of OPI (100 mg), pyr id ine (1 ml) and Ac„0 
1 
C2 ml) was refluxed on a water bath for two hours. The mirturc 
after usual workup and crystaHlization from ethylacetate-
chloroform gave colourlesc prisms (80 mg) m.p. 240-241°. 
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NMK (CDOl^); Talues onTsca le 
2.42 (d, J= 2.5nz, l H , H - I - 2 ' ) ; 2.65 (d, J= 9Hz, l H , H - I - 5 ' ) ; 
2.29 (q , J^=2.iJHz and J2= SHz, l H , H - I - 6 ' ) ; 2 . H (d, J= BHz, 2H, 
H~I I -2» , I I -6») ; 2.87 (d, J - 9lls, 2H,H-II-3 M I - 5 ' ) J 5.33 (a,111, 
H- I -3 ) ; 5.43 ( s , l E , H - I I - 3 ) ; 3.17 (d, J= 2.5Hz, 1II,H-I-6) ; 
3.16 (d, J= 2.Mra, lH»H-II-6); 2,6S (d, 0^ = 2.5Hz, l E , E - I - 0 ) ; 
2.66 (d , J= 2.5Hz, 1H,H-II~0); 7.30 (s,3H, 0Ac-I~4 ' ) ; 7 .68 , 7 .65, 
7 .58 , 7.56 (s ,3E each, 0.4G-1-7,11-7,1-5,11-5 r e s p e c t i v e l y ) . 
OP I I 
OPII (100 mti), being a mixbure of ochnaflavone (minor) 
and imfamiliar biflavono (major) as revealed by 'methylation 
results, was subjected to GCB separation which yielded only one 
component OPIIb (90 mg). OpIIb was acetylated with pyridine and 
acetl6 anhydride. The NMR of OPIIbA (acetate) showed six acetoxy 
groups (T7.73,T7.77, T7.95, T7.99, T7.58, 7^ 7.56 for OAc-l-4', 
11-4'^, 1-7,11-7,1-5,11-5 respectively) and one peak ato5.5 ppm 
characteristic of a flavanone structure. 
gehydrogenation of OPII 
A mixture of OPII (200 mg), Iodine (0.5 mg), DllSO (2 ml) 
and Oon.HpSO. (0.2 ml) was heated in 10 ml round bottomed flaok 
at 100 for an hour. The mixture was then poured into ice Wdber 
and the precipitate v/as filtered and washed wiLh water and dried 
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to give crude product (180 mc). TLO cxamin' t ion of crude 
product using TEPF (5 r 4 : 1) ao the colvcnb -cystcm sliov/oc] 
two bc.ndn l abe l l ed as npiI]H-1 (R^ 0.15) and OPII-m-2 (R^ 0.37) 
a l one with a band or come non~dehydrof?;Gnafced product . The 
tv/o bands and non- dohydroconatod product wcro nopnratcd ao 
OPIIDH-1 (90 rag), OPiniT-2 (20 mc) and non-dohydrocenaLcd 
OPII (60 mc) by colunm chroraato{jrai3hy uainr; Ethyl ace bate-
benzene (1 : 9, 2 : 8) as e l u e n t . OPII-Dn-2 (20 rag) could bo 
dehydrogcnatcd further to OPIIDir-1 (10 mg) by I2-DMSO/E25O. 
r eagen t , 
1-51 I I -5 ,1-7, I I -7 ,1 -4 •, 11-4 • -Eexa-OTine t h y l /f 1-3 S II~8_7 
b i f lavane (OPII-DH-1M) 
I t was c r y s t a l l i s e d from GHCl-.-LleOH as co lour less 
needles (30 mg) m.p, 226-27°» 
mm. (CDGl^); values o n ^ c a l o 
3.54 (d , lH,K-I -8) ; 3.69 (d , lH, ! I - I -6) ; 3.37 ( s , IH,F-II-6) ; 
3.50 (s ,1H,H-I-3) ; 3.43 ( s , lK ,H-I I -3) ; 2.06 (q,1ir,E-I-6») ; 
2ol5 (d,1H,H-I-2«); 2.90 (d, lH,H-I-5 ' ) ; 2.60 (d,2H,ir-II-2 • , I I -6» 
3.27 ( d , 2 H , H - I I - 3 M I - 5 ' ) ; 5.94 (s»3H,Onc-II-5); 6.08 (s,3II, 
OMe-I-5); 6.10,6.18 (6H, 0Me- I -7 , I I -7 ) ; 6.20,6.24 (611, 0I.:o-I-4', 
I I - 4 » ) / 
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1-5, I I - 5 , 1 - 7 1 I I - 7 , T-4 SII-4»-Rexaacetor.y / f 1-3'»II-8_7 
bif lavone (0PIIDH-1A) 
I t was cryrj-Calliacd from Cr!IG1.5~MeOir as qolourlcaa 
needles (30 mg), ra.p. 241-43°. 
riMR, (GDCl^): Values on Tb'cale 
2.74 ( d , i n , E - I - S ) ; 3.16 (d,-lH,H-I-6); 2/39 (o,1II, 
H- I I~6) ; 2,02 (q,1H,H-I-6 ' ) J 1.97 (d , lH/I-I -2 ' ) J 2.52 ( d , n i , 
H- r -5*) ; 2.51 ( d , 2 H , H - I I - 2 M I - 6 « ) ; 2.94 (d ,2H,H-II -3 ' ,11-5 ' ) 5 
3 .32,3.35 ( s , lH each, H-I-3' , I I - 3 ) ; 7.72,7.77 (6H, 0 A G - I - 4 S 
I I - 4 » ) ; 7.95,7.99 (6H, 0 A c - I - 7 , I I - 7 ) ; 7.55,7.59 (6H, OAc-I-5, 
I I - 5 ) . 
OP I I I 
OPIII (60 mg) v/a.s mefehylated with anliydrous KpGO-/ and 
lilepSO^ in dry acetone. After usua l workup and TLC examination , 
the methylated product v/ao found to be pen tame thy Ic the r of 
ochnaflavone, OPIII v/ao l a t o r on confirned as 1-4 ' , I - 5 , I I ~ 5 , 
I -7- to t rahydroxy-I I -7-0-methyl / J 1 -3 ' -0- I I -4 '_7 b i f lavone (How) 
by Nim Gtudies of i tu ace t a t e and methyl e ther d e r i v a t i v e s . 
r - 4 M - 5 , I I - 5 , 1 - 7 , II-7-Penta-O-raethyl ^ '^"'^'-0-II-4 'J? 
b If lavone (OPIUM) 
Methylated product was c r y s t a l l i s e d from ethanol into 
co lour less (30 mg) m.p, 166-169^, 
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mm COPgiy): values on Tscalo 
3,49 (d ,1H,H-I-8) ; 3.46 (d ,1II ,H-II-8) ; 3.66 (d,lH,II-I-6) ; 
3.66 (d,1H,H-II~6); 3.43 (G,1H,n-I-3) ; 3.44 ( s ,1H,n- l I - '3 ) ; 2,^'^ 
(q , tE ,H-I~6») ; 2.40 ( d , i n , H - I - 2 ' ) ; 2.89 ( d , l H , E - I - 5 ' ) ; 2.19 
( d , 2 H , E - I I - 2 % I I - 6 ' ) J 2.99 (d,2H,H-II-3 M I ~ 3 ' ) ; 6 .08 ,6 .08 , 
6 .12,6 .12,6 .12 ( s , 3H each, 0CH^-I~5,11-5,1-7,11-7,1-4 ' 
r e s p e c t i v e l y ) . 
r -4S1-5 , I I -5 , r -7 -Te t raace toxy~I I -7 -0 -mc thy l ^ 1 - 3 ' - O - I I H »_7 
biflavone (OPIIIA) 
OPIII (100 mg) was aoety la ted vifith pyridine and Ao^O 
as described e a r l i e r . II; was c r y s t a l l i z e d iroin e thylace tabo-
' 0 
chloroform as co lour less prisms (60 mg) m.p. 243-245 , 
ITMR (gpCl^): Values onTsca l e 
2.94 (d,1H,H~I-S); 2.94 (d,irr,H-II-8) ; 3.18 (d,1II,H-I-G); 
3.48 (d,1E,H-II-6); 3.44 (s,1H,H~I-3); 3.39 (s,lH,H-II-3); 
2.30 (ci,lH,E-I-6'); 2.40 (d,lH,H-I-2'); 2.66 (d,lH,H-I~5'); 
2.10 (d,2H,H-II-2MI~6'); 2.84 ( d,2H,H-II-3', II-5 • ) ; 6.12 
(s,3H, OGH5-II-7); 7.59,7.57,7.83,7.86 (s,3H each, Oi\c--I-5, 
II-5,1-7,1-4' re spec b ively). 
20^ 
OP IV 
OP IT v/as methylated by dimethyl Dulphatc. After usual 
workup and TLCJ examination, the methylated product was found 
to he a mixture of ochnaflavone pentamcthylether, (minor) anr] 
methylether of OPII (major) . 
OPIT (90 mg) vjLxs subsequently subjected to OCT) separa-
tion heU'een ethyl .methyl ketone and bo.rate huff or (pH 9*0) to 
y ie ld only one component OPIVb. mUR of i t s acckaLc showed i t 
s t i l l to be mizturo, OPIV (200 mg) was, t he re fo re , subjected 
to HPIiG* The HPLO r e s u l t s yielded two components, OPIV-1 (5 mg) 
and OPIY-2 (150 mg). miR s p e c t r a l s tudios of 0PIV--2 ace ta te 
confirmed i t to be II-7-O-methyi tetrahydroamcntoflavone. 
1-3 f 1 1 - 5 . 1 - 7 , 1 - 4 ' . I I -4 ^-Pentaace l;oxy-II-7-Q-iaothyl-2, 3 , 2" , 
3" tetrahydroamentoflavone (OPIV^^^A) 
OPIV-2 (50 mg) was ace ty la tcd by usual methods as 
described e a r l i e r , to give an ace ta te of OPIV-2 (40 mg). 
MCTl'(GDGlg): Values on'Tsoale 
3.32 ( d , i n , n - I - 8 ) ; 3.70 (d,1II ,H-I-6); 3.27 (s,1H,II-II-6) ; 
2o04-2.17 ( m , 2 H , n - I - 2 M - 6 ' ) ; 2.80 (d , lH, I I - I -5 ' ) ; 2.44 (d,2H, 
n - I I - 2 » , I I - G » ) ; 2.97 ( d , 2 H , H - I I - 3 ' , I I - 5 » ) ; 6.80-6.99 (m,4H, 
H~I-3,3 &H-I I~3r5 ) ; 4.55 (dd ,2H,H-I -2 , I I -2 ) ; 6.09 (o,3H, 
OCH5-II-7); 7 / l 4 , 7 . 1 8 j 7 . 1 7 , 7 . i 2 , 7 . 1 0 (s,3H each, 0Ac- I~7 , I -4 ' , IH^ 
I~5,II~5 respoctivcl^'-) • 
2 U i 
1}GhyOrogono.bioji o^ OPIV-2 
-Dehyclro/Anirl.ioii o l OPIY-2 (100 vir) by l2-T)KS0/rip,^0^^ 
rcacGirb, y i e l d o d two i'r'.c l i o n n , 0 P I V - 2 ; D H - I ( R ^ 0 . 3 7 , 60 h\;) 
and 0PIV-2DH-II (R^ 0.42,^U inii) , 0PIV-2DII-II '.vac rcconvcj: Lo^ l 
t o 0PI7-2DH-I by dchydro.jciKition, 
1-5 , I I - 5 , 1 - 7 , 1 - 4 ' , I I - 4 ' -Pen taace to : :y - I I -7~0~ue t l ay l / " I - j ; ' , II-'^J 
b i f l a v o n e (0PIV-2SH-IA) 
0PIV-2DH-I (60 niii) '^'^ ''"'J ^'•cotyl.atoa with p y r i d i n e and 
a c e t i c anhydr ide t o give ayiacctafce (30 mg). 
HllR" (ODClyt Va.lues on T s c a l o 
• :• 3.17 ( d , l E , H - I - 6 ) ; 2 .78 ( d , l H , H - I - 8 ) ; 3.30 ( s , 2 H , H - I - 3 , • 
I I - 3 ) ; 3.24 ( s , 1 H , H - I I - 6 ) ; 2.06 (q ,2H,H-r -2 M - 6 » ) ; 2.54 (d ,1H, 
H - I - 5 ' ) j 2.50 C d , 2 H , H - I I - 2 ' , I I - 6 » ) ; 2 .98 (d , 2 1 1 , H - I I - 3 ' , 1 1 - 5 ' ) ; 
7 . 6 6 , 7 . 6 2 , 7 . 5 1 , 7 . 4 3 , 7 . 9 6 ( s ,3H each , 0 A G - I - 4 M I - 4 ' , 1 - 5 , 1 1 - 5 , 
r-7)? 6.09 (3 ,3H, OGH^-II-7) . 
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